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Juternational News 


7] vam is more value today in an International Centrifuge than ever be- 
fore. New features have been added without extra cost to you. For in- 
stance, a two-hour maximum, two-minute minimum automatic timer is now 
included in the selling price of each Type SB and Size 2 Centrifuge. And 
all International Centrifuges are now finished in smooth, lustrous, light gray, 
baked hammertone enamel 


New Rubber Gasketed Cover. Elimi- (New Chromium Plated Hinge adds 
nates air leakage and cover rattle beauty and assures perfect cover fit 
[~) Neoprene ring isolates motor from Eliminates possibility of looseness 
guard bowl, reducing operating noise (and rattle. 


\ New Guard Bowls of all-steel con 
struction with heavily welded seams 
Complete protection to the operator 
under all conditions 


\ New Stainless Steel Latch Plate for 
positive locking, ease of manipula- 
( tion and finish protection 


New Automatic Timer permanently 
attached and wired through conduit 
at the factory. Can be cut out of the 
( circ uit by a flip of the switch 


\ Motor Armatures of our own manu- 
facture are all dynamically balanced 
fon modern balancing machines 


New Mounting for Rheostat. Per 

\ manently attached to guard bow! 
and all wiring connections made 
{thre ugh conduit at factory. Simpl 
fies installation 





New All-Steel Streamlined Portable 
Stands of one-piece construction 
Requires no assembly. Finished to 
{ match the centrifuge 


\ New Finish — glossy baked gray en- 
amel. Smooth, hard, attractive, easy 
(to clean, chemically resistant 


f{= your laboratory apparatus supply dealer repre- 
sentative about the new International Centrifuge 
Models — Clinical Type C-—- Type SB and Size 2 
He can supply you promptly. For further information 
about these modern instruments write us for Catalog GS. 


INTERNATIONAL EQUIPMENT COMPANY 


1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS 











Paragon Tray Drawer Cabinet 
Compact 


U. S. Pat. No. 2,202,047 
C101—Tray Drawer Cabinet for 3 x 1 Micro Slides 
Capacity 4500—18% =x 153K =x 4% 


All Paragon Tray Drawer Cabinets 
are manufactured in standard sizes 
so that any number of sections may 
be interlocked to form one cabinet 
to accommodate any number of 
varied slides. The dimensions of the 
different cabinets are the same as 
to length and width, varying only in 
height. The cabinet formed by inter- 
locking may be 18% x 15%; 18% x 
11 or 183% x 5 or it may be a pyramid 
with the sections varying in width. 


Low Cost 


FOR FILING 
MICROSCOPIC SLIDES 3 x 1” 
KODACHROME TRANSPAR- 
ENCIES 
2 x 2” SLIDES 
LANTERN SLIDES 
(up to 3% x 4%) 
PETROGRAPHIC SLIDES 
When you purchase a 
PARAGON TRAY DRAWER CABINET 


YOU PURCHASE FILING SPACE ONLY 
NO WASTE SPACE-EVERY INCH USED 


C22)1—-Capacity 1500 Slides—18h x 11 x 3K 
For Fili KODACHROME TRANS- 
PARENCIES and 2x2” SLIDES 


SPECIFICATIONS: All Paragon Tray Drawer Cabinets are made of 
reinforced steel construction, olive green finish. Interlocking device enables 
several units to be joined into one. Each sectional unit contains remov- 


able drawers with hand grip in front and rear. 


obtainable whenever required. 
tions—not merely adapted. 


Interlocking steel base 


Constructed according to rigid specifica- 


Address your orders and inquiries to Dept. P. 
Manufactured Exclusively by 


PARAGON C. & C. C0., Inc. - 2540 Belmont Ave., New York 58, N.Y. 

















The IONIC BONE DECALCIFIER | 


Decalcifies blocks of bone -Quickly and sefely With little attention 
No electrical adjustments No overheating 








Specimens 
processed 
)Undistorted 


In pyrex cup 
Minimum handling 
No danger of loss 
Stain beautifully 
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The IONIC BONE DECALCIFIER, with four decalcifying cells, (two are extra) 


pplied complete Ready to operate Platinum included Electrodes formed 
Can handle FOUR separate specimens simultaneously with ease 


IONIC BONE DECALCIFIER, Model DC-5 Extra Decalcifying Cells, complete, each, $30.00 
complete with two decalcifying cells and platinum ‘ ’ 
instructions, without acids, $127.00 Write for details 
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Your “experience exchange” in the field of Skin 
Diseases and Syphilis—A valuable guide in your 
Practice—Archives of Dermatology & Syphilology 


SIGNIFICANT DEVELOPMENTS reported monthly to the 
specialist and the physician in general practice. From 
hospitals, clinics and government treatment centers here 
and abroad, ARCHIVES OF DERMATOLOGY AND 
SYPHILOLOGY gathers news of current trends in treat- 
ment and diagnosis, group case studies, clinical notes and 
comments on cutaneous conditions and syphilis. Well 
illustrated. Ably edited. 








AMERICAN MEDICAL ASSOCIATION 


t.. Chicae 0. Wile 


M.D 
STREET 


: CITY AND STATE 
#12.00 YEARLY 
$12.40 CANADIAN 




















CONTENTS 


» 

Histochemical Studies of Mouse Liver After Single Feeding of Carbon 
Tetrachloride.’ R. E. Srowett, M.D. Pu.D., anv C. S. Lee, M.D. 
Kansas Crty, Kan 


Valvular Thrombotic Vegetation in Newborn (“Fetal Endocarditis”). 
Rircwuarp H. McDownato, M.D. Durwam, N. ¢ 


Brain Metabolism in Vivo: II. The Distribution of Lesions Caused by 
Azide, Malononitrile, Plasmocid and Dinitrophenol Poisoning in 
Rats. Samvuet P. Hicks, M.D., Boston 


Range of Extracellular Hydrogen Ion Concentration Tolerated by 
Macrophages Grown in Tissue Culture. [. N. Dusin, Bernespa, Mp. 
anp C. K. Yer, SHANGHAI CHINA 


Myocardial Lesions in Progressive Muscular Dystrophy. W. G 
Notuacker, M.D.. New Orveans, anp Martin G. Nersxy, M.D., 
New Yor« 


Candida and Aspergillus Endocarditis, with Comments on the Role of 
Antibiotics in Dissemination of Fungus Disease. Major Lorenz 
FE. ZimMeRMAN, Mepicat Corps, Unrrep States Army 


Effect of Chorionic Gonadotropin on the Transitory Zone of the 
Mouse Adrenal. H. H. Zinsser, M.D.; Anne D. Zinsser, M.D., 
Pasapena, Catrr., AND Cuartes M. Storey, M.D., Boston 


Rickettsiae and Rickettsial Diseases of Man: A Survey. Howarp 
laytor Ricketts Awarp Lecture, 1950. S. Burt Worsacn, M.D. 


Boston 


CASE REPORTS: 


Retroperitoneal Bilateral Cavernous Lymphangioma in a Patient 
with Congenital Heart Disease. Macna Rona Dacso, M.D., ann 
Atrrep A. Anorist, M.D., Jamaica, L. L, N. Y 

Squamous Epithelial Cysts in the Heart of an Infant, with Coinci- 
dent Cystic Changes in the Ovaries and Breasts. Josern 
Leicuton, M.D., Battimore; Joun W. Hurst, M.D. Artanta, Ga., 
ann Joun D. Crawrorp, M.D., Boston 

Severe Hepatitis in Infectious Mononucleosis: Report of a Case 
with Minimal Clinical Manifestations, and Death Due to 
Rupture of the Spleen. Epwarp H. Kass, M.D. Pa.D., ann 
Stantey L. Roassins, M.D., Boston 


NEWS AND NOTES 
BOOKS RECEIVED 








HE Arcuives or Parnotocy is published by the American Medical Association as a 

medium to advance pathology in the United States and to promote research and observatior 

in this freld 

Manuscripts for publication, books for review and correspondence relating to contributions 
should be sent to Dr. Granville A. Bennett, Chief Editor, 1853 West Polk Street, Chicago 12 
or to al ther member of the Editorial Board. Communications regarding subscriptions 
reprinis, ete. should be addressed, Ancntves or Patrnotocy, American Medical Association 
535 North Dearborn Street, Chicago 10 

Articles are accepted ior publication on condition that they are contributed solely to the 
Anchitves or Patnotocy. Manuscripts must be typewritten, preferably double spaced, and 
the origmal copy should be submitted. Zinc etchings and halftones will be supplied by the 
Association when the original illustrations warrant reproduction and when their number is 
not considered excessive 


Footnotes and bibliographies (the latter are used only in exhaustive reviews of the litera 
ture) should conform to the style of the Quarterly Cumulative Index Medicus and include 
in the order given: name of author and name of periodical, with volume, page and year (titles 
are not used in this journal) 

Matter appearing in the Arcnives or PatHotocy is covered by copyright, but as a rule 
no objection will be made to its reproduction in a reputable medical journal if proper credit 
is giver However, the reproduction for commercial purposes of articles appearing in the 
Ancuives or PATHOLOGY or in any of the other publications issued by the Association will! 
not be permitted 


Tue Argxcurves or Patrnotocy is published monthly The annual subscription price (for 
two volumes) is as follows: domestic, $8.00; Canadian, $8.40; foreign, $9.00, including postag< 
Current single copies, $1.00, postpaid, except special issues 


Checks, money orders and drafts should be made payable to th American Medical 
Association 


OTHER PERIODICAL PUBLICATIONS 
of the American Medical Association 


THE JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION Weekly Covers all the medical sciences 
and matiers f general medical interest Illustrated Annual subscription price (three volumes) domesti 
$12.00; Canadian, $13.50; foreign, $16.00. Single copies cent 

ARCHIVES OF INTERNAL MEDICINE Monthly. Devoted to the publication of advanced original clinical 
and laboratory investigations in internal medicine liustrated. Annual subscription price (two volumes) 
lomestic, $10.00, Canadian, $10.40; foreign, $11.00. Single copies, $1.00 

ARCHIVES OF NEUROLOGY AND PSYCHIATRY Monthly A medium for the presentation of original 
articles on nervous and mental diseases, with abstracts from foreign and domestic literature, book reviews 
transactions of special societies, et Illustrated. Annual subscription price (two volumes) domestic $12.00 
Canadian, $12.40; foreign, $13.50 Single copies, $1.25 

ARCHIVES OF DERMATOLOGY AND SYPHILOLOGY— Monthly Devoted to advancing the knowledge 
f and progress in cutaneous diseases and syphilis Publishes original contributions on these two subjects 
transactions of the important dermatologic societies, book reviews, etx Illustrated Annual subscriptin 
price (two volumes fomesti $12.00; Canadian, $12.40; foreign, $13.50 Single pies, $1.25 

AMERICAN JOURNAL OF DISEASES OF CHILDREN..._Monthly. Presents pediatrics as a medical science 
and a8 a Seclal problem neludes carefully prepared reviews, based on recent pediatric literature, abstracts 

ym foreign and domestic literature k reviews, transactions of special societies, et« Illustrated Annual 
subscription price two volumes): domesti $12.00; Canadian, $12.40; foreign, $13.50. Single copies, $1.25 

ARCHIVES OF SURGERY Monthly Devoted largely to the investigative and clinical phases of surgery 
with monthly reviews on « aL urologic surgery Well illustrated Annual subscription price (two 
volumes): domesti ’ $14.40; foreign, $15.50 Single copies, $1.25, except special numbers 

ARCHIVES OF OPHTHALMOLOGY Monthly. Includes original articles on diseases of the eve. annual 
f special societios, etc Iiustrated Annual subscriy 
tien price tw lumes) fomestic, $12.00: Canadian, $12.40; foreign, $13.00 Single coples, $1.25 


ARCHIVES OF OTOLARYNGOLOGY Monthly A medium for the presentation of original articles on 
lisea f the ear. nose and threat. with abstracts from foreign and domestic llterature book reviews 
transactior f special societies, et Illustrated Annual subscription price (two volumes fomestic, $12.00 
Canadiatr $12.40. foreign, $13.00 Single oples, $1.25 

ARCHIVES OF INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE Monthly Devoted t 
the advancement of knowledge of the diseases f industry ar t the publication of sctentifi nvestigatior 
m this feld Tilustrated Annual subscription pr tw volumes domesti $8.00; Canadian, $8.40 
foreign, $9 00. ty I 
QUARTERLY CUMULATIVE INDEX MEDICUS ete subject and aut 

‘ terat ft ! Issued tw ear “ 


reviews of spe | subjects, book reviews, transactions 


ding postage. Single ples, $1 


hor index to the worth while 
+f t 


ne 4 ermanet reference 


rrent ‘ he world 


slendar year tomes $20 00 : $2200: ¢ ler 


AMERICAN MEDICAL ASSOCIATION 
$35 North Dearborn Street CHICAGO 10 





A. M. sire 
ARCHIVES OF PATHOLOGY 


Votume 30 NOVEMBER 1950 Nunnper 5 


Corvaronr, 1950. sv tree American Meptcat Association 


HISTOCHEMICAL STUDIES OF MOUSE LIVER AFTER SINGLE 
FEEDING OF CARBON TETRACHLORIDE 


R. E. STOWELL, M.D, Ph.D 
AND 
Cc. S. LEE, M.D." 
KANSAS CITY, KAN 


LTHOUGH the administration of carbon tetrachloride has been 
frequently used to study liver damage and hepatoma formation in 
animals,’ there have been few well correlated investigations employing 
recently developed histochemical, microchemical and quantitative cyto 
logical technics. The value of such integrated research is illustrated by 
the enhanced interpretation permitted 
The observations on the effects of a single feeding of carbon tetra 
chloride are part of a general program of studies of mouse liver under 


different conditions of growth which are in progress in the laboratory 


of the department of oncology of the University of Kansas Medical 


School Chis paper will present the histochemical studies of alkaline 

phosphatase, esterase, glycogen, desoxypentose and pentose nucleic acids 

and lipid in liver cells, as well as quantitative data on the mean volumes 

of necrotic tissue, vascular space, hepatic cells and their nuclei, nucleoli 

and cytoplasm taken at intervals following a single feeding of carbon 

tetrachlorice The results are of especial significance with respect to 
* Postdoctoral Research Fellow, National Institutes of Health 


From the Departments of Oncology and Pathology, University of Kansas 
Medical School 





Chis investigation was aided by grants from the National Cancer Institute and 
\merican Cancer Society on recommendation of the Committee on Growth of the 
National Research Council 

1. Cameron, G. R., and Karunaratne, W. A. E.: J. Path. & Bact. 42:1, 1936 
Edwards, J. E., and Dalton, A. J.: J. Nat. Cancer Inst. 3:19, 1942. Eschenbrenner 
\. G., and Miller, F Ibid. 6:325, 1946. Kritzler, R. A., and Beaubien, J.: Am. J 
Path. 25:1079, 1949. Moon, H. D Ibid. 25:788, 1949 

(a) Lee, C. S.; Stowell, R. E., and Villisana, A.: Cancer Research 9:600, 
1949. (b) Stowell, R. E.; Lee, C. S., and Tsuboi, K. K Am. J. Path. 26:637, 
1950 Tsuboi, K. K., and Stowell, R. E.: Cancer Research, to be published 
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similar studies made on the effect of repeated feedings of carbon tetra- 
chloride * and on regenerating liver after partial hepatectomy.* 


MATERIALS AND METHODS 


Several series of strain A male mice 3 months of age were used. One dose 
4 0.1 ce. of 40 per cent carbon tetrachloride in olive oil was injected directly 
into the esophagus by means of a curved trochar and syringe Animals were 
killed after feeding at intervals of 2, 5 and 12 hours and 1, 2, 3, 4, 5, 6, 8, 
10, 12, 14 and 18 days After 18 hours’ fasting, which produces a more stable 
metabolic state of the liver, all the mice were killed by cervical dislocation 
Control mice were of the same age, sex and fasting interval but did not receive 
ieedings of carbon tetrachloride 

All tissue blocks for microscopic study were taken from the left lobe of 
the liver and fixed in acetone, absolute alcohol, 4 per cent formaldehyde and 
Stieve fluids, as well as by the freezing-drying method.* 

lissues fixed in absolute alcohol were given three changes of alcohol in 
48 hours and cleared in chloroform, infiltrated with paraffin, cut at 6 microns 
thickness and stained for (1) glycogen by the methods of Hotchkiss’ and 
Gomori," with saliva digestion controls, (2) alkaline phosphatase by Gomori's 
technic with control sections incubated in a mixture from which the substrate 
was deleted, and (3) pentose nucleic acid with pyronin-methyl green stain '° 
and ribonuclease digestion."! 

Formaldehyde-fixed tissue stained for fat with oil red O..4 After 22 hours’ 
fixation in Stieve fluid,’ blocks were cut at 6 microns of thickness and stained 
by (1 the Feulgen reaction’? with unhydrolyzed control sections, (2) the 
Heidenhain azocarmine modification of Mallory’s connective tissue stain,’* and 
(3) hematoxylin and eosin 

Since some laboratories have encountered difheulty with Gomorts lipase 
staining method this technic as used successfully in this laboratory will be 
described Slices of tissues 1 to 2 mm. thick are chilled tor Y% hour at 5 to 

5 ( und then fixed and dehydrated by two or three changes of chilled absolute 


acetone in the first 24 hours During the second day the tissues are warmed 


Lee Tsuboi, K. K., and Villisana, A To be 


1) Observations to be published from this laboratory ») Stowell, R. E 
ath 46: 164, 1948 
Morris, H. P., and Thompson W }. Nat. Cancer Inst. 1:395, 1940 
Stowell, R. I Stain Technol., to be published 
Hotchkiss, R. D.: Arch. Biochem. 16:131, 1948 
Gomori, G.: Am. }. Clin. Path. 16:177, 1946 
omori, G.: Proc. Soc. Exper. Biol. & Med. 42:23, 1939: 70:7, 1949 
Scudder, S. A.: Stain Technol. 19:39, 1944. Taft, E. B.: To be published 
Stowell, R. E., and Zorzoli, A.: Stain Technol. 22:51, 1947 
Lillie, R. D.: Histopathologic Technic, ed. 1, Philadelphia, The Blakiston 
1948, p. 159 
Stowell, R. E Stain Technol. 20:45, 1945 
14. Mallory, F. B.: Pathologic Technique, ed. 1, Philadelphia, W. B. Saunders 
Company, 1944 
15. Gomori, G Proc. Soc. Exper. Biol. & Med. 58:362, 1945; 67:4, 1948; 


Arch. Path. 41:121, 1946; personal communications to the authors 
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up gradually to room temperature and the acetone is changed again After 
two changes of chloroform in one to two hours, the tissues are infiltrated with 
38 C. paraffin, three changes being used for a total time of SO to 60 minutes 
or 20 minutes with vacuum infiltration. Sections are cut at 4 to 6 microns, 
floated on a mixture of 2 parts acetone and 1 part water and dried at room 
temperature. After paraffin has been removed from the sections with xylene, 
they are hydrated through a graded series of acetone in place of alcohol and 
rinsed four or five times with distilled water. Sections are incubated 18 to 24 
hours in the substrate at 37 C 

\ concentrated solution of the substrate contains 4 cc. of tween 40" or 
G-9096CJ,'*° 9 Gm. of CaCh. 2H,O, 24.3 Gm. of tris (hydroxymethyl) amino 
methane, 172 cc. of normal hydrochloric acid and 170 cc. of glycerol. The 
fu is adjusted to between 7.0 and 7.4 and water added to make a total volume 
of 500 cc. This concentrated stock solution is heated in the oven at 60 C. for 
two to three hours and filtered with a Seitz filter before being stored in the 
cold room. For use this substrate is diluted with three parts of water After 
incubation the slides are rinsed three or four times with distilled water, immersed 
in 1 per cent lead nitrate for 15 minutes, washed in three or four changes of 
distilled water, immersed in a dilute solution of ammonium sulfide (2 to 4 
drops in 50 cc. distilled water) for five minutes and then rinsed with distilled 
water They may be counterstained with hematoxylin, dehydrated in alcohols, 
cleared in gasoline or tetrachloroethylene and mounted in clarite,* piccolyte 
or other mounting medium dissolved in the same solvents. This technic, which 
differs from the suggestions of Dr. Gomori'® principally in that acetone is used 
instead of alcohols for hydrating sections before incubation, gives consistently 
good results. Control sections are treated in the same manner except that the 
substrate was omitted from the incubating mixture 

With some series of animals, frozen-dried'" tissues were prepared by drying 
five or more hours in an efficient, simple apparatus designed in this laboratory.‘ 
Sections of frozen-dried tissue were stained by the various methods mentioned 
above. All tissues to be stained for lipase and alkaline phosphatase were stored 
at 6 C. and not permitted to remain above this temperature for a total of more 
than one hour trom the time of embedding until staining was started This is 
desirable to prevent loss of enzymatic activity Precautions were taken to 


provide uniform treatment of the tissues and reduce variations in staining 


GENERAI HISTOLOGICAL CHANGES 


\lthough the methods of administering carbon tetrachloride described 
by various investigators have varied slightly, the effects on the liver 
tissues have been similar, but more consistent with oral feeding.’* In 
considering histological and histochemical changes it is important to 
remember the variability of individual animals, as well as the numerous 
and complex functions of the liver. In this experiment three series of 
animals received the same treatment, but the extent of necrosis and 


repair and the time sequence of histochemical changes varied slightly in 


animals of the same as well as of different series. 


16. This substance was obtained from Atlas Powder Company, Wilmington, Del 
17. Gersh, L.: Anat. Rec. §3:309, 1932 
18. McCloskey, J. F.. and McGehee, E. H.: Arch. Path. 49:200, 1950 
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Generally, litthe recognizable change can be seen during the first day 
in sections stained with hematoxylin and eosin. At about 24 hours the 
changes are limited to swelling of hepatic cells in the central and middle 
regions of the liver lobule. Hydropic change appears as small, round, 
discrete vacuoles with turbid contents in the cytoplasm of cells of the 
central zone. This hydropic degeneration, which usually occurs before 
actual necrosis, was observed at five or 12 hours after carbon tetrachloride 
feeding but only rarely after 48 hours. This hydropic change is different 
from that in long term carbon tetrachloride treatment, in which large 
clear vacuoles occur in the cytoplasm 

(mn the second day the hepatic cells in the central area undergo 
necrosis, followed by karyorrhexis and karyolysis. The endothelial cells 
of the sinusoids are not similarly involved. The necrosis may extend 
along the sublobular vein and connect with other central zones. During 


the period of removal of necrotic cells, an apparent increase of lining cells 


of sinuses is frequently observed. The necrotic cells of the central part 


of the lobule and the associated leukocytic infiltration remain for three 
to four days (fig. 1 4), then are replaced by macrophages, fibroblasts 
and newly formed hepatic cells 

During the first few days mitotic figures are frequently seen. They 
can be recognized as early as 12 hours after carbon tetrachloride feeding, 
hut are most numerous on the second or third days. Active mitosis may 
continue until the fifth day. During the third to sixth days three zones 
are evident in the liver lobules. A marginal zone is present at the junction 
of the viable peripheral cells and the necrotic central area. This marginal 
zone is comprised of a number of large cells with abundant vacuolated 
cytoplasm and contains most of the dividing regenerating cells 

Calcified amorphous masses increase in number in the necrotic region 
after the sixth day and give nonspecific reactions in control preparations 


or alkaline phosphatase and esterase. Their number decreases gradually. 


ilthough such calcified material may remain until the fourteenth day 


ALKALINI PHOSPHATASE 


\ithough there is not complete agreement on the exact role of phos 
phatases in breaking phosphate linkages in cellular metabolism, or their 
types of specificity, these enzymes are thought to be important in the 
metabolism of nucleic acids, some carbohydrates and other phosphate 
containing compounds." With necessary precautions, the technic of 
(;omori is a suitable histochemical method for demonstrating alkaline 


phosphatase in tissues 


Moog, F.: Biol. Rev. 11:41, 1946 
97:495, 1947 


uma. Ho: St 
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Fig. 1.—Section of mouse liver after single feeding of carbon tetrachloride. 
A shows extensive central necrosis after three days; hematoxylin and eosin stain; 
x 80. B shows decreased pyronin staining in central areas after 24 hours, when 
changes are not yet evident in slides stained with hematoxylin and eosin; x 67 
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[his enzyme appears sensitive to the toxic effects of carbon tetra- 
chloride in the liver. Alkaline phosphatase disappears almost completely 
from the liver the first day after feeding, except for a narrow periportal 
zone which shows a relatively strong reaction. Decreased reaction in the 
central areas is noticed after five hours, and vessels in the peripheral 
parts of the lobule stain more heavily. That this rapid disappearance of 
alkaline phosphatase reaction is not due to a direct inhibiting action 
exerted by carbon tetrachloride itself on the enzyme in tissues is sug 
gested by the observation that no change of reaction is noted when 
normal! liver sections are immersed in pure carbon tetrachloride for 1 
hours before being stained for the enzyme 

Beginning on the second day after carbon tetrachloride feeding, the 
alkaline phosphatase reaction in the surviving peripheral part of the 
hepatic lobule increases gradually. The nuclei, especially the muitot 
nuclei, show the strongest reaction, followed in intensity by the cell 
membranes and the bile capillaries. The cytoplasm does not reveal any 
appreciable reaction. In the central necrotic part, the sinusoidal walls 
give a strong reaction, but the nuclei and the cytoplasm of hepatic cells 
ind bile canaliculi do not react 

Che general trend of increasing alkaline phosphatase activity in living 
peripheral cells starts to decline after the sixth day The contrast 
between weakly reacting central areas and strongly reacting peripheral 
areas of the lobules diminishes gradually. In the later stages the hepatic 
nuclei in the smaller, newly formed central area react stronger than the 
nuclei in the periphery of the lobule. At the same time, the strong 
reaction of the sinusoidal walls decreases toward normal. The increased 


reaction in the central zone can be seen even 12 days later \fter 18 


days the alkaline phosphatase reaction resembles the normal picture 


\lthough there are several possible explanations for the decreased 
ilkaline phosphatase staming in the necrotic central areas, it seems 
probable that it is related to damage of the metabolic and enzymatic 
processes of the liver cells. Why some enzymes, such as alkaline phos 


phatase, are more readily altered than others, as esterase, is not evident 


ESTERASE 
Enzymes that split ester linkages are present in many types of cells, 
including liver cells, and they are important in metabolism of compounds 
such as lipids and carbohydrates. Although this enzyme is easily 
destroyed by the ordinary histological fixatives and even by standing at 
om temperature, there is only slight decrease in liver cells 24 hours 
irbon tetrachloride feeding, at which time both alkaline phos 
ind ribonucleic acid have decreased markedly in the central areas 
ginning the second day after a single feeding, the central necrotic 


lesa ll 


illy loses its esterase reaction. This disappearance of reaction 
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in the central region continues so that the unstained necrotic and inflam 
matory cells of the central area contrast sharply with the darkly stained 
peripheral area of the lobule. On tye fourth to fifth days the new liver 
cells in the central area show a slightly weaker esterase reaction than 
the peripheral cells. During the sixth to eighth days, when the cells in 
the marginal area have lost the vacuoles in their cytoplasm, the esterase 
activity recovers again 

No definite change of esterase activity is noticed in the peripheral 
cells or in mitotic cells. In the midzone area the newly formed liver 
cells containing fat in their cytoplasm do not show activity during the 
third to sixth days. In the necrotic central area, between the second and 
sixth days, large black granules of lead phosphate are deposited in 
necrotic foci containing calcium salts but are not related to esterase 
activity The esterase activity of the hepatic cell varies with the func 
tional condition of the cell. These experiments suggest that this enzyme, 
which is probably produced within the cells, is less susceptible than 


alkaline phosphatase to circulatory disturbances or even necrosis 


PENTOSE NUCLEI ACID 


Nucleic acids of the pentose type are thought to have important roles 
in the synthesis of proteins and the enzymatic actions of cells.** Although 
found chiefly in the cytoplasm, smaller amounts are present in the nucleoli 
and the chromatin of nuclei \lthough there is not complete agreement 
on the specificity of pyronin—methyl green staining and ribonuclease 
digestion ** for demonstrating pentose nucleic acids, it was employed as 
a reasonable means available for this study. In these experiments all 
pyronin stain was readily removed from all cell structures by ribo 


nuclease. Liver prepared by freezing-drying methods shows a much 


clearer, less diffuse, more constant picture than after alcohol fixation 


Che pyroninophilic substance in the cytoplasm is usually localized in 
perinuclear areas and in particulate bodies resembling mitochondria in 
size and shape. However, this appearance tends to disappear after carbon 
tetrachloride treatment even in liver cells of the peripheral part of the 
lobule 


21. (a) Caspersson, T.: Symposia of the Society for Experimental Biology, 
no. 1, London, Cambridge University Press, 1947, p. 127; Cell Growth and Cell 
Function: A Cytochemical Study, New York, W. W. Norton & Company, Inc., 
1950. (b) Davidson, J. N.: Ann. Rev. Biochem. 18:155, 1949. (c) Stowell, R. E 
Cancer 2:121, 1949 

22. Schultz, J., and Caspersson, T.: Proc. Nat. Acad. Sc. 26:705, 1940. Mirsky, 
A. E., and Ris, H J. Gen. Physiol. 31:1, 1947 

23. Pollister, A. W., and Ris, H.: Cold Spring Harbor Symp. Quant. Biol 
12:147, 1947. Pollister, A. W., and Leuchtenberger, C.: Proc. Nat. Acad. Sec 
35:111, 1949. Kurnick, N. B.: J. Gen. Physiol. 383:243, 1950. Stowell, R. E., and 
Zorzoli, A.: Stain Technol. 22:51, 1947. Unpublished observations from this 
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hefore the latter can be seen with hematoxylin and eosin and most other 
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Because of the parallel disappearance of aikaline phosphatase and 
ribonucleic acid in the course of necrosis and repairs, some might suspect 
their possible relationship, even though no positive evidence can be given. 
Both of them disappeared on the first day after carbon tetrachloride 
feeding. Then alkaline phosphatase activity returns and remains high 
in the central area, while pentose nucleic acid is more gradually restored. 
It has been shown by Gomori ** that the alkaline phosphatase reaction 
may demonstrate several different enzymes which may be important in 
growth and differentiation.'™ 


Fig. 2.—Marginal zone of liver lobule between central necrotic and periph 
eral areas of lobule. Pyronin—methyl green stain; «x 550 


\s an estimation of nucleolar changes, the percentage of nucleoli with 
strong pyroninophilic substance was determined by counting among 200 
nuclei and found to be 58, 87, 72 and 53 for the control, 3, 6 and 12 day 
mice, respectively. A notable increase in the size and the number of 


pyroninophilic nucleoli is fairly constant on the third day 


DESOXYPENTOSE NUCLEIC ACID 


The properly controlled Feulgen reaction for desoxypentose nucleic 


acid is one of the most specific histochemical tests.** This type of nucleic 


_ 


25. Gomori, G.: Proc. Soc. Exper. Biol. & Med. $@:7, 1949 
26. Stowell, R. E.: Stain Technol. 38:137, 1946 
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acid has important actions in genes and cell division.*” ‘The changes are 
slight in the desoxypentose shown by the Feulgen reaction, as compared 
with the pentose nucleic acids demonstrated by pyroninophilic staining 
and ribonuclease. In the early stages some necrotic hepatic cells in the 
central area lose their nuclei and desoxypentose nucleic acid, while 
remaining nuclei are not as strongly stained as those in the middle and 
peripheral zones. These changes are limited to a much smaller zone 
than those shown by pyronin—methyl green or alkaline phosphatase 
staining. Later, from the second to the fourth day, mitosis and a strong 
Feulgen reaction are frequently seen in the middle or the marginal zone 

At about the sixth day the sections may give a fairly strong Feulgen 
reaction, owing to the increasing number of nuclei. A count of nuclei per 
high power field shows almost twice as many on the sixth day (95) and 
twelfth day (89) as on the third day (49) 


Taste i.—J/ntensity of Staining Reactions for Glycogen in Liver Cells of 
Fasted Animals After a Single Feeding of Carbon Tetrachloride 


rime After Treatment Central Zone Margina) Zone Periportal Zone 


Controls None None None 
1-2 days Neerotice zone none None Trace by 2d day 


lays Necrotie zone none None Trace inereases to 
strong by oth day 


6 days None Moderate Trace 


12 days Trace in new cells None None 


GLYCOGEN 


Both the Gomori and Hotchkiss technics were used to study the 
glycogen content of the liver cells following a single treatment with 
carbon tetrachloride. They show comparable changes in animals after 
18 hours’ fasting (table 1). A fairly prominent reaction usually occurs 


during the third to fifth days, when most of the peripheral cells and a few 


Kupffer cells show some glycogen reaction (fig. 3.4). This is in sharp 


contrast with the usual absence of glycogen in control fasting animals 
This glycogen is probably newly formed, because there is no reaction on 
the first day. The glycogen content decreases again later, and usually 
none is found after the tenth to twelfth days, although occasionally a 
slight reaction may be observed in the periportal area by the eighteenth 
day The mitotic cells usually contain little if any glycogen in their 
vtoplasm 

7. Stowell, R. I Cancer Research §:283, 1945: Symposia of the Society for 
Experimental Biology, no. 1, Nucleic Acids, London, Cambridge University Press, 


194, 
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1 shows glycogen increased in the peripheral parts of liver lobules 
three days after carbon tetrachloride feeding and after 18 hours’ fasting ; normally, 
negligible glycogen is demonstrated after fasting; Gomori glycogen stain; x 80 
In B fat may be seen in the nucleolus of a cell of normal mouse liver; oil red 
O stain; « 800. C shows liver four days after a single feeding of carbon tetra- 
chloride; lipids are seen predominantly in the marginal zone between the central 
necrosis and the peripheral cells; oil red O stain; « 80 
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LIPLDS 


Both the controls and mice in the early stages of the effects following 


carbon tetrachloride feeding have a fairly strong lipid reaction in the 


hepatic cells. In the first two days all the cells show a fairly uniform 
fatty change, although the color of the oil red O is more orange in the 
central and red in the peripheral areas of the lobules. In the central 
necrotic part the fat tends to be more diffuse and finely dispersed, while 
in the peripheral cells it is in larger droplets. Between the second and 
twelfth or fourteenth days these fat droplets decrease or disappear. Until 
the eighteenth day the newly formed cells in the central zone usually 
show only scant fat. This decrease in stainable lipids is not a normal 
phenomenon, for all the untreated fasting animals have large amounts of 
fat as compared with normal unfasted mice in which there are scant 
amounts of such lipids 

\fter two to four days the cytoplasm of a number of cells of the 
marginal zone adjacent to the necrotic areas are stained deep red with 
oil red © (fig. 3C). Similar cells also may be seen in the necrotic or 
the fibrotic areas. In their large size and characteristic localization in 
the marginal zone they are similar to the foamy, pale cells in sections 
stained for glycogen and sections stained with hematoxylin and eosin 

Although cells with lipid-filled cytoplasm are frequent in regenerating 


liver," 


their pathogenesis is not completely understood. In this experi 
ment these cells occurred only in the early stage in areas immediately 
surrounding active necrosis. That they are related to necrosis is sug 
gested by the possibility that they simply have absorbed fat from necrotic 
cells or that they have been damaged by toxic substances liberated by 
the necrosis. The mitotic cells frequently contain less fat than the resting 
cells. Kupffer’s cells in the central and middle zones usually contain 
some fat during the early stage, while fibroblasts in the central area 
seldom show fatty change 

\n incidental finding is the fat droplets identified in the nuclei and 
nucleoli of fasting control mice, as well as in experimental animals with 


carbon tetrachloride cirrhosis and hepatomas (fig. 3B) 


CEROID, FIBROSIS AND CALCIFICATION 


\ ceroid-like pigment occurs in or near phagocytes in later stages, 
from the tenth to eighteenth days, rarely in earlier stages, and never in 
control animals. Its occurrence is apparently associated with necrosis, 
since it is seen in the central region in the former site of necrosis. This 
unstained pigment is yellowish brown and stains orange with acid fuchsin 
und oil red © instead of deep red. Unlike ceroid in advanced liver 

of mice or rats, it reveals no stamimg by the Feulgen reaction 


in—methyl green 


|. Nat. Cancer Inst., to be published 
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Chere is an increase in reticulum fibers in the central areas of the 
liver lobules, which is definite by six days or earlier. That this is not, 
at least, entirely due to concentration of reticulum in areas from which 
necrotic tissue has been removed is suggested by the fact that some of 
the reticulum fibers are of greater diameter than those seen in control 
livers. The increased reticulum persists through at least the fourteenth 
day, beyond which it was not studied. Collagen fibers are increased in 
amount by the sixth day and persist through the fourteenth day. This 
is consistent with the observations of Edwards and Dalton,” who 
reported reticulum increased one month after single feedings of carbon 


tetrachloride 
Taste 2.—Percentage of Degenerative and liable Liver Tissm 


Pereentage at Given Day After Single Feeding 
of Carbon Tetrachioride 


Tissue td Sd sth 6th ith 


Necrotic and degenerative 7 Ss 
Viable ‘ él 64 
2 


Other * 


Other tisene inchides vaseular, billary and inflammetory tissue 


raste 3.—Comparative Nucleolar Measurements in Arbitrary Units on 


Wouse Liver Before and After Carbon Tetrachloride Feeding 


Mean Number 
Mean Nucleolar Nucleolar Nuecleoli Number 
Time at Which Liver Volume + Volume per Nucleoli 
Was Taken * Standard Deviation per Nucleus Nucleus Measured 


Before (control) 1,420 + 1,180 \ RO 1.6 mon 


s days after SW +> 1,60 14,810 ‘43 42m 
6 days after 1,700 > 1960 770 43 43 
2 days after 1.740 + 1olo 6.900) 4 


This relates to a single feeding of carbon tetrachloride 


Deposits of calcified material frequently are seen in the central area 
from the sixth to the eighteenth days, when they may be the only residual 
pathological finding in the central areas of the lobules. These masses 
are surrounded by groups of phagocytes and are eventually resorbed 


VOLUMETRIC STUDIES OF LIVER COMPONENTS 
Estimates were made of the ratio of viable hepatic cells to degenerate 
cells, relative nuclear and cytoplasmic volumes and relative sinusoidal 
space. The relative amounts of viable and degenerative tissue were deter- 
mined by the Chalkley * ratio method (table 2). Measurements were 
29. Edwards, J. E., and Dalton, A. J J. Nat. Cancer Inst. 6:325, 1946 
%). Chalkley, H. W.: J. Nat. Cancer Inst. 4:47, 1943 
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made, on formaldehyde-fixed tissue stained with hematoxylin and eosin. 
No measurements were made on the first day, since necrosis was nut 
evident under these conditions. Vascular, biliary and inflammatory tissue 
were classified as other tissue in this table. The data in table 3 are based 
on 300 to 500 counts on one or two animals at each time interval. About 
one third of the liver is necrotic from the second to fourth days, and 
negligible evidence of degeneration remains after twelve days 

Because of the presumed importance of circulatory disturbances 
following carbon tetrachloride treatment (Glynn and Himsworth *'), 
ratios of sinusoidal space in liver were estimated according to the method 
of Chalkley by having three observers measure a total of 2,000 counts 
on the livers of two or three controls as well as of mice one and two days 
after carbon tetrachloride feeding. Measurements were made on tissue 
fixed in Stieve fluid and stained with Heidenhain’s azocarmine stain. 
Random measurements were made in all parts of the liver lobule. Control 
livers had 2.2 per cent sinusoidal space, compared with 5.0 per cent and 


4.1 per cent on the first and second days after carbon tetrachloride 


Taste 4.—Relative Volumes of Nuclei and Cytoplasm of Viable 
Hepatic Parenchymal Cells 


Nuclear Oytoplasmic 
Days After Treatment Volume Volume Cell Volume 


Fasting Control 85 91.5 100.0 
“l day 14.1 M47 156.5 
Oth day 12 112 123.5 
wth day 0.4 mo 6.3 


feeding. One observer's measurements of sinusoidal space of three mice 
at 2, 5, 12 and 24 hours after carbon tetrachloride feeding showed vol- 
umes of 4.7, 2.6, 4.1 and 3.5 per cent, respectively. These fluctuations 
were not considered significant, and the quantitative evidence of 
sinusoidal constriction suggested by Himsworth was not found in these 
experiments 

Relative nucleolar volumes were computed from diameters measured 
in a constant plane on sections stained by the Feulgen reaction ** (table 
3) The mean nucleolar volume and the total nucleolar material per 
nuclear section were significantly increased on the third day 

Che relative volumes of nuclear and cytoplasmic components of viable 
hepatic parenchymal cells were determined by measuring diameters of 
100 nuclei in each of three different mice, computing volumes from 


diameters on the assumption of spherical nuclei and calculating mean 


cytoplasmic volumes from the Chalkley nuclear-cytoplasmic ratios and 


41. Glynn, L. E., and Himsworth, H. P.: Clin. Sc. 6:235, 1948. Himsworth, 
The Liver and Its Diseases, ed. 1, Cambridge, Mass., Harvard University 


P 167 
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computed mean nuclear volume.**? These arbitrary figures for mean 
volumes were adjusted on the basis of the assumption of a total volume of 
100 for the normal fasting liver cell. The results are indicated in table 4 
By the third day the mean nuclear volume of viable hepatic cells has 
increased 66 per cent and the cytoplasm 58 per cent, or a total increase 
of mean cell volume of 59 per cent. With increased mitotic activity, 
these volumes returned toward normal by the twelfth day after carbon 
tetrachloride feeding. The volumetric changes in liver cell constituents 
during regeneration after carbon tetrachloride are similar to those after 
partial hepatectomy in the rat.** Nucleolar enlargement is associated 
with the increase in nucleic acids and tissue regrowth 


GENERAL COMMENT 


The changes in cellular physiology resulting from necrosis are more 
readily detected by histochemical staining methods than with hema- 
toxylin and eosin stains. The decrease of different enzymes and cellular 
substances in early stages of carbon tetrachloride damage of the liver 
may be partially due to the diluting effects of the increased content of 
water and lipids. However, this produces a uniform change of both the 
central and the peripheral part of the liver lobule and hence does not 
explain the different changes in the central area. A more probable 
explanation is that cellular activity is altered by the toxic effects of the 
carbon tetrachloride. 

In this experiment increased mitotic activity is a relatively constant 
finding in two to six days after carbon tetrachloride feeding, with the 
most mitotic cells seen on the second or third days. Varying factors, 
such as response of the mice, dosage and route of administration, may 
explain such differences. The histochemical changes observed in mitotic 
cells include increased intensity of chromatin staining for desoxyribose 
nucleic acid, slight decrease of lipids, marked reduction of glycogen and 
no recognizable change in esterase and alkaline phosphatase. Of all 
these, the glycogen changes seem most distinct. 

The interesting marginal zone of large, pale, foamy cells adjacent to 
the central necrosis is probably significant in the regeneration process 
Somewhat similar cells have been observed in animals after partial 
hepatectomy and in human autopsy material.** These cells in the 
marginal zone, like mitotic cells, generally contain less lipase, glycogen, 
desoxypentose nucleic acid and cytoplasmic pentose nucleic acid, but 


more pentose nucleic acid in their nuclei and more lipids and alkaline 


phosphatase. The number and the size of these cells are impressively 


increased during early regeneration stages, as at three days. The larger, 
prominent pyroninophilic nucleoli present in a fairly pale cytoplasm are 


33. Fishback, F. C Arch. Path. 7:955, 1929 Ashworth, C. T., and Reid 
H. ¢ Am. J. Path. 23:269, 1947. 
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striking. This picture changes to the usual one of pyroninophilic cyto 
plasm in the later stages. The observations would support the claim 
that the nucleolus is concerned with the metabolism of pentose nucleic 
acid and protem synthesis.” 

These histochemical and quantitative cytological observations are of 


increased interest when compared with the chemical studies on livers of 
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Fig. 4.—-Mean percentage changes, per total liver as compared with normal 
control values, in (4) liver weight, (/) total lipids, (( nitrogen, (/)) pentose 
nucleic acid, (£) desoxypentose nucleic acid, (/ esterase and (GC) alkaline 
phosphatase at intervals following a single feeding of carbon tetrachloride 


the same or comparable mice.** Some of these data are shown in figure 
+. After a single feeding of carbon tetrachloride the weight of the liver 


increases about 18 per cent the first day and reaches a maximum increase 


44. Caspersson, T., and Santesson, | Acta radiol. 1942. supp. 4 


wtnotes 4b and 21k 
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of 57 per cent by the third day. That this increase is partially fluid is 
indicated by an increase of 25 per cent in the first day, and a maximum 
increase of 60 per cent by the third day. There is also a gradual 25 per 
cent increase in the total lipids of the liver reaching a maximum on the 
third day and then declining to half of the normal fasting value by the 
fifth and sixth days before returning to normal. Most of this lipid change 
is accounted for by neutral fats 


Chemical studies of the nucleic acids showed that subsequent to initial 


decreases of 10 and 11 per cent in pentose and desoxypentose, respec- 


tively, on the first day, these acids increased to a maximum of 52 and 36 
per cent on the fourth day. The maximum protein formation seemed to 
be reached on the sixth day. These observations are compatible with the 
idea that pentose nucleic acid is important in protein formation 

Enzymatic studies on the same livers ** showed an initial decrease in 
esterase, alkaline phosphatase, acid phosphatase, succinic dehydrogenase 
and cytochrome oxidase. The two phosphatases reached their peaks on 
the third day, and esterase and succinic dehydrogenase on the fifth day 
Thus the degradative enzymes might seem to reach their maximum 
increase before the oxidative enzymes. The histochemical and chemical 
observations on these livers are in general agreement. Some of the 
chemical and histochemical findings can be explained on the basis of the 
changes in volumes of tissue constituents 

This experiment also gives some evidence concerning the site of 
regeneration of liver cells. The liver stained with pyronin—methyl green 
and esterase methods shows clearly new cells growing from surrounding 
liver cells. The mitotic activity of numerous liver cells but absence of 
proliferation of bile ducts supports the belief that new liver cells arise 
chiefly from remaining liver cells rather than from bile ducts as may 
occur under other conditions of regrowth Che hepatic cells of the 
periphery of the liver lobule *scaped necrosis, although the moderate 
decrease in content of glycogen, fat and pentose nucleic acids suggests 
changes in cellular function ** from some toxic effects or from increased 
content of water. Later they usually showed a decrease in fat and then 
an increase in glycogen 

lhe increase of fat in the third day has been reported by Campbell and 
Kosterlitz,** who studied the effects of carbon tetrachloride on rats fed 
different diets. They found an increase in lipids, especially after a high 
casein diet. However, they studied rats only during the first three days 
after feeding carbon tetrachloride. In our experiment a contrary finding, 
a decrease of lipids in liver cells, occurred consistently at later stages 


35. Observations to be published from this laboratory 

3%. Orr, J. W.; Price, D. E., and Stickland, L. H.: J. Path. & Bact. 60:573 
1948 

37. Campbell, R. M., and Kosterlitz, H. W Brit. J. Exper. Path. 29: 149, 1948 
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Chis relative absence of fat in peripheral cells is different from the 
increase seen in normal fasting animals. In the fasting control mice the 
lipid content of the liver is five times higher than in nonfasting normal 
mice.** All the hepatic cells are filled with fat. Two explanations may be 
suggested for this absence of lipids in the liver cells of carbon-tetra- 
chioride-treated animals. First, there may be a disturbance of the 
transportation of fat or of the hepatic cells, assimilation of fat. Several 
investigators ** have reported independently that after carbon tetra- 
chloride poisoning the liver cells could not take up lipids from the blood 
even when large doses of lipids were given. A second possibility 1s that 
glycogen is so increased in the cytoplasm that there is no space available 
for fats. However, this moderate increase of glycogen occurs only in a 


short period, while the absence of fat lasts for a longer time 


The observation that glycogen is increased in the experimental 


animals agrees with the work of Menkin.” He injected several doses 
of “necrosin” into dogs. The liver contained large numbers of vacuolated 
glycogen-containing cells, while the control fasting animals failed to show 
such deposition of glycogen. This phenomenon was not so striking when 
more injections were given. He expressed the belief that it is possible 
that a part of the glycogen is made from protein in the injured cells. The 
results of carbon tetrachloride feeding could be interpreted in a similar 
manner 

This research illustrates some of the advantages and some of the 
limitations of histochemical as compared with chemical technics. Histo- 
chemical technics permit differentiation of necrotic, mitotic and resting 
cells, while there is no feasible method to study individual or selected 
groups of liver cells by chemical analysis. Usually, the chemical results 
provide an average value of a mixture of different tissue and cell com 
ponents which especially need histologic and histochemical interpretation 
as in this experiment. The histochemical technics have the disadvantage 
that they give comparative, less quantitative data, and absolute values 
cannot be obtained readily. The specificity of histochemical technics is 


less well established, and some are not as sensitive as would be desirable 


SUMMARY AND CONCLUSIONS 


These histochemical and quantitative cytological observations in con 
junction with chemical studies * provide a composite picture of the 
cellular changes of necrosis and regeneration occurring in mouse liver 
ufter a single feeding of carbon tetrachloride. The liver increases in 


weight, owing principally to increased water and lipid content from the 


. Naw as, A Duff, G. I Tidewell, H. ( and Holt, I I I. Clin 
Investigation 18:143, 1936 

9% Nakatsuka, M Japan |. Gastroenterol. 3:153, 1931. Menkin, V Am. ] 
Physi 138: 3% 1943 
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toxic reaction to carbon tetrachloride and regeneration of new tissue 
Within three days the weight of the liver has increased nearly 50 per 
cent. The carbon tetrachloride injury gives rise to cell damage and 
necrosis, with a maximum effect after four days and little remaining 
effect after six days. The evidences of repair and regrowth begin during 
the first day and approach normal within 18 days 

\ reduction of the histochemical reactions for pentose nucleic acid 
and alkaline phosphatase in the central part of the liver lobule represents 
the earliest evidence of impending necrosis. This change occurs at 5 to 
12 hours after carbon tetrachloride feeding, before changes are noticed in 
preparations stained by other technics, including hematoxylin and eosin 
The esterase and desoxypentose nucleic acid decrease in the necrotic cells 
during the second day. By the second day nearly 40 per cent of the liver 
is necrotic 

Repair and regrowth are evidenced first by increases in pentose and 
desoxypentose nucleic acids and in acid and alkaline phosphatase and 
cytochrome oxidase in the cells of the peripheral part of the liver lobule 
during the second and probably also the first day. Esterase and succinic 
dehydrogenase start to increase between the second and third days 

After the second or third day the lipid decreases in the regrowing 
cells and starts to return toward normal after the fifth day. The glycogen 
appears in the cells of the surviving and regrowing fasted liver tissue from 
the third to twelfth days 

Striking changes are seen during the third to sixth days in a zone of 
actively regrowing and dividing cells between the central necrotic and 
peripheral surviving areas of the liver lobule. These cells contain 


abundant cytoplasmic lipids and alkaline phosphatase, and less lipase, 


glycogen and pentose nucleic acid. Mitotic figures are more frequent 
during the second and third days. On the third day the mean volumes 
of the nuclei, nucleoli and cell cytoplasm are significantly increased. The 
nucleoli contain more pentose nucleic acid and are more numerous on the 
third day These findings are consistent with the suggested role of 
nucleic acids and nucleoli in regeneration of liver tissue 
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VALVULAR THROMBOTIC VEGETATION IN NEWBORN 
(“FETAL ENDOCARDITIS”) 


RICHARD H. McDONALD, M.D 
DURHAM, WN. C 


— EXTREMELY rare observation of a fresh vegetation, ante- 
dating birth, occurring on the tricuspid valve of a 17 hour old infant 
is described in this report. This is the third report of such a case to be 
accompanied by histological data, Plaut ' having reported the microscopic 
appearance of two similar lesions encountered in newborn infants 
laut and Sharnoff '* first recorded a fresh thrombus on the mitral 
valve of a 1,162 Gam., premature infant dying 1% hours after birth. A 
minute valvular hematoma was also noted on the mitral valve, but other 
wise the heart was without lesions. No bacteria were seen on sections 


stained with hematoxylin and eosin There were no evidences of infec 


tion in other organs. Three to four weeks prior to delivery the mother 


had so-called mild influenza. Her Wassermann test was negative. No 
explanation could be offered for the presence of this valvular lesion 

In the second case described by Plaut *” a fresh fibrin thrombus, 5 
by 2 mm. in size, was found attached to the edge of the anterior leaflet 
of the tricuspid valve in a 1 day old male baby. Two pinpoint valvular 
hematomas were seen in the mitral valve. The heart was elsewhere not 
unusual. Fibrin-like thrombotic masses, some containing inflammatory 
cells, were noted in the vessels of lung, kidney, thyroid gland and 
placenta These were considered evidences of inflammation, perhaps 
from an intrauterine otitis media, although no sections of the middle ear 
were available for examination. No maternal illness was determined, 
ind no report was made of the serologic test for syphilis 

In a review of the literature Plaut could find only one case of acute 


endocarditis of a newborn infant proved by autopsy This was reported 


by Poynton ® as a case of rheumatic endocarditis transferred from the 
icutely afflicted mother to the fetus. However, numerous “diplo-strepto 
cocci’ were found in the exuberant vegetations on the mitral valve of the 


id infant No histological description was given 


the Department of Pathology, Duke University School of Medicine 
Plaut, A., and Sharnoff, G Arch. Path. 20:582, 1935. (6) Plaut, A 
18:649, 1939 
Fd Clin. J, 34:231, 1909 
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REPORT OF A CASE 


Maternal and Obstetric History.—The mother of the infant was a 15 year old 
Negro girl, unmarried, who was first seen during the fourth month of gestation 
She was noted to have perineal condylomas, which revealed spirochetes on dark 
field examination, and was found to have a positive serologic test for syphilis 
Physical examination otherwise revealed no abnormalities save for a soft apical 
systolic heart murmur. Her hemoglobin determination was 13 Gm. Her blood 
type was 0, Rh positive. No history of illness during or immediately preceding 
pregnancy was elicited. 

Treatment with 4,800,000 units of penicillin was begun three days after her 
initial visit to the obstetric clinic. Scattered small pigmented skin lesions were 
noted at this time, primarily on the arms. Quantitative serologic tests were done 
during the fifth and sixth months of pregnancy, which were positive in dilutions 
of 1:16 and 1: 32 

Two hundred and sixty-five days after the reported last menstrual period, the 
mother spontaneously delivered a 2,135 Gm. living female infant without complica 
tions. The mother was afebrile on admission and during labor. Her puerperal 
course was uneventful 

History of Infant.—Although the infant appeared in good condition at birth, 
six hours thereafter respiratory difficulty was noted. A few crepitant rales were 
heard in the right half of the chest, and a harsh systolic murmur over the pre 
cordium. Despite penicillin, oxygen and stimulants, the infant died seventeen 
hours after birth. Fetal blood taken for serologic examination gave a reaction 
positive for syphilis at a dilution of 1: 16 


Autopsy.—The body was that of a Negro girl weighing 2,000 Gm 
and measuring 43 cm. in length, corresponding by these measurements 
to the average infant of 8 to 8% months’ gestational age. There were 
no external abnormalities, the skin and the mucous membranes showing 
no lesions. The lungs appeared atelectatic and congested. In the heart, 
which weighed 20 Gm., a dark red granular vegetation was attached to 
the atrial surface of the marginal cusp of the tricuspid valve. The throm- 
botic mass measured approximately 8 by 5 by 4 mm 

Fragments of the vegetation were smeared and stained by Gram’s 
method without demonstration of bacteria. Unfortunately, a culture of 
the material was not made. The remainder of the tricuspid valve and 


the other valves were of normal appearance. No valvular blood cysts 


were seen. Endocardium, myocardium, and epicardium were without 
gross lesions. The foramen ovale and the ductus arteriosus were still 
patent. There were no anomalies of the great vessels. No gross 
abnormalities were found in the remaining organs 

Microscopic Examination.—Multiple sections through the tricuspid 
valve revealed a hyaline, unorganized thrombus attached to the atrial 
surface of the marginal cusp (fig. 1.4). Enmeshed within the eosino 
philic mass of the vegetation were small numbers of lymphocytes and 
polymorphonuclear granulocytes, many showing pyknosis and karyor 
rhexis. Hemolyzed red blood cells were also noted within the thrombotic 


mass \t the point where the vegetation was attached to the valve 














1 the tricuspid 
marginal cusp 


section through the right auricle, the right ventricle an 


Fig. 1 i 


valve, demonstrating the thrombus attached to the 


unorganized 
f 

B, detail of the point where the vegetation was attached to the cusp. The 
platelet-like substance of the found within the valvular stroma, 
Note the mixed cellular exudate the valvular fibrocytes 


hbrir verruca 15 
and the alteration of 
ws 


540) 





UcDONALD—“FETAL ENDOCARDITIS” 541 


(fig. 1 B) there was erosion of the surface endothelium, with portions of 


the fibrinoid stroma of the thrombus extending into the valvular substance. 
Swelling and proliferation of valvular fibrocytes, with suggestive fibro- 
blastic alteration, as well as occasional Anitschkow myocytes, were seen. 
\ slight granular eosinophilic alteration of the collagenous matrix was 
noted im this vicinity \ sparse cellular infiltrate, made up of poly- 
morphonuclear granulocytes and small round cells, was found associated 
with these changes. No elastic tissue was found. No bacteria were seen 


Fig. 2.—Section through lung showing incompletely expanded alveoli, some of 
which contain amniotic fluid and debris. Note the hyalin-like emboli occluding 
three small arteries. x 65 


on sections stained by MacCallum’s method. Microscopic lesions other 
than those already described were not discovered in the heart. 

Sections through the lungs revealed marked atelectasis with hyaline 
material and amniotic fluid debris within some of the incompletely 
expanded alveoli. Occasionally, a few polymorphonuclear granulocytes 
and lymphocytes were noted within the alveoli, without recognizable 
fibrin or bacteria being present. These few cells were considered a 
reaction to the amniotic fluid content and without significance. Lodged 
in a number of small pulmonary arteries were emboli (fig. 2), morpho- 
logically similar in appearance to the valvular vegetation. In the areas 
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of lungs supplied by these vessels no specific alteration aside from those 
changes already noted was present. In no other organs were emboli 
noted 

Microscopic evidence of syphilis or other infection was absent in the 
remaining organs. lLevaditi-stained sections of the liver and the adrenals 
were negative for spirochetes. The infant was near term as evidenced 
by lack of a neogenic zone in the kidney, although hemopoiesis was still 


present to a small extent in the liver 


COMMENT 


In view of the evidence of maternal syphilitic infection during this 
pregnancy, one must consider syphilis as a possible cause of the valvular 
vegetation. However, by usual standards the mother was adequately 
treated. Neither in the affected valve nor in any other fetal organ was 
there gross or microscopic evidence of syphilis. Ribbert * commented on 
the complete absence of lesions of the cardiac valves in congenital syphilis 
Fischer and Herzheimer * reported that in the newborn the valves have 
never been found involved in syphilitic alteration. Hinrichsen ° recently 
stated that “no evidence can be found that congenital syphilis produces 
valvular heart lesions.” In the face of these statements a syphilitic origin 
of the valvular lesion appears highly improbable 

Intrauterine infection other than syphilis, as an etiologic agent, is 
supported by no good evidence. The only suggestive feature is the 
maternal history of a vesicular cutaneous rash three months prior to 
delivery. In view of the relative acuteness of the valvular lesion, that 
can hardly be considered of importance. The absence of bacteria on 
crush smears and sections and the lack of inflammatory lesions of other 
organs further militate against the belief that intrauterine infection was 
the etiologic agent 

Because of the history of associated valvular hematomas, or blood 
cysts, on the valves of the infants described by Plaut,’ a careful search 
was made for evidences of these lesions. None was seen grossly or 
microscopically, Conglutination of the edges of surface folds or irregu 
larities, with inclusion of blood within the spaces formed, is thought to 


represent the pathogenesis of these lesions.* These furrows or undu 


Ribbert, H., in Henke, F.. and Lubarsch, O Handbuch der spezieller 
ischen Anatomie und Histologie, Berlin, Julius Springer, 1924, vol. 2 
B.. and Herzheimer, cited by Stohr, G Arch. Path. 17:311 
Am. |. Syph on & Ven. Dis. 27:319, 1943 
25:757, 1949 bh) Levinson, S., and 
nd Harper, W. | 
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lations of the valvular surface, according to Dow and Harper, result 
from traction exerted by the chordae tendineae on the incompletely 
developed cusps during embryonic life. 

Plaut ' felt that these lesions were of no significance in explaining 
the formation of the vegetations he described. Nevertheless, one must 
consider the possibility that a bland thrombus forms on the valvular 
irregularities which give rise to the blood cysts, or as a result of hypo 
thetical rupture of one of these minute cysts. In the present case, 
without evidence of valvular hematomas one can only mention this as a 
remotely possible explanation, 

\llen and Sirota’ have recently reviewed that group of lesions on 
cardiac valves variously called nonbacterial thrombotic endocarditis, 
terminal endocarditis, endocarditis simplex, etc., or, as they choose to 
label it, degenerative verrucal endocardiosis. It is their opinion that the 
verrucae seen in this condition represent swollen, degenerated valvular 
collagen along with varying amounts of plasma and blood cellular 
elements which have exuded from the vessels of the valves 

Their studies showed that the lesion occurs in random distribution 
at all ages and in both males and females. The lesion is not “terminal,” 
being found in some persons dying after operations or short illnesses. 
Histologically, Allen and Sirota have grouped these verrucae into two 
principal classes, the degenerative and the exudative, differentiated pri- 
marily by the amount of degenerated collagen present in the vegetation. 
The exudative type grossly exhibits a rather large, soft, friable vegeta 
tion, sometimes comparable in size to the lesions of bacterial endocar 
ditis. Even though bacteria are not present, this type is prone to 
produce emboli. Generally, there is a characteristic histological picture 
Made up of material that superficially seems indistinguishable from 
serum, platelets and fibrin, the lesions in this group occasionally con 
tain polymorphonuclear granulocytes and a few lymphocytes. In each 
instance there is evidence of some fibrinoid degeneration of the valve at 
the base of the verruca. No elastic tissue is found in these lesions, 
and tryptic digestion cannot differentiate between this verruca and the 
fibrin of clots 





\ comparison of the histological picture of this type of lesion as 
described by Allen and Sirota and the lesion reported here shows a 
number of similarities. The lesion in the newborn infant was large, 


granular, friable and gave rise to pulmonary emboli. It was made up 


of an eosinophilic hyalin-like stroma, indistinguishable from fibrin- 
platelet thrombi. There was a scattering of mixed inflammatory cells 
within the mass. No elastic tissue could be found. The hyalin-like stroma 
of the thrombus was found extending into, or from, the valvular sub- 


Aller *,, and Sirota, J. H Am. ]. Path. 20:1025, 1944 
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stance, and in this area there was slight but definite alteration of 
the valvular collagen, some of which had an eosinophilic and granular 
appearance 

The reasons for the postulated valvular degeneration and verruca 
formation in this condition are not clearly understood. Allen and Sirota 
considered allergy, ascorbic acid deficiency and hemodynamic trauma 
of thickened valves as likely factors. Should the verruca in this new 
born infant represent an example of “degenerative verrucal endocardio 


sis,” no etiologic factor is apparent 


SUMMARY AND CONCLUSIONS 


\ case of a fresh vegetation occurring on a cardiac valve im a new 
born infant is presented. It is the third case accompamed by histological 
data to be recorded in the literature 

Despite maternal syphilitic infection, syphilis is not considered of 
etiologic importance, since adequate prenatal treatment was given and 
no lesions suggestive of that disease were encountered 

Che etiology of this lesion is not clear. It is suggested that the 
vegetation may represent a bland thrombus forming on surtace irregu- 
larities concerned in the development of valvular hematomas, or 
as a result of hypothetical rupture of one of these blood cysts found on 
the cardiac valves of the newbort \nother explanation concerns the 
possibility that the lesion is identical with the exudative type of verruca 
found in the degenerative verrucal endocardiosis described by Allen and 


rota 





BRAIN METABOLISM IN VIVO 


ll. The Distribution of Lesions Caused by Azide, Malononitrile, Plasmocid 
and Dinitropheno!l Poisoning in Rats 


SAMUEL P. HICKS, M.D 
BOSTON 


“TUDIES of metabolism, both normal and pathologic, by the use 
of enzyme inhibition and related processes have been used in such 
diversified fields as cancer therapy, embryonic development and demye 
linating diseases of the nervous system. In a previous study the dis- 
tribution of lesions produced in the nervous system and other organs 
of rats by sublethal doses of cyanide, insulin, fluoroacetate and asphyxia- 
tion in nitrogen and the mechanisms involved in their production were 
investigated. The purpose of the investigation of the mechanisms 
responsible for the relative distribution of lesions in the brain and other 
organs was to discover differences of metabolism among these tissues 
which might ultimately lead to a specific inhibitor of growth of certain 
brain tumors. The widely held thesis that the character or the richness 
of the blood supply of a given part of the brain is the dominant factor 
governing the vulnerability of that part could not be entirely supported, 
for the patterns of injury caused by these four agents showed a num- 
ber of distinct differences. Factors such as the dependence of certain 
tissues on limited metabolic pathways and the variations in their enzyme 
content * were considered to be modifying factors in the distribution 
of lesions. Of special interest was the tendency of cyanide, in contrast 
with the other agents, to damage white matter, a tissue relatively poor 
in cytochrome oxidase, and to spare heart muscle, which has a rich 


content of this enzyme. Fluoroacetate which seems to interfere with 
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acetate metabolism at the pyruvate level and with citrate metabolism 
damaged especially the heart and the testicle but did little irreversible 
damage to the brain 

Obviously the application of readily controllable in vitro experiments 
with enzyme inhibitors to the complex living animal presents a number 
of difficulties, some of them insurmountable. In a broad sense most 
toxic agents probably act by interfering with some phase of cellular 
metabolism, but this is not always simply a matter of enzyme inhibition, 
for there are modifying factors. The rate of absorption and excretion 
of the toxic agent, which governs the over-all duration and intensity of 
its action, is one. Another is the possible selective permeability of cer- 
tain cells. A differential capacity among various tissues to detoxify the 
agent, once absorbed, is still another. In the brain the balance of blood 
supply and blood flow against metabolic demand, though not the sole 
factor, undoubtedly predisposes certain regions to some forms of injury, 
especially anoxemia and hypoglycemia, for the energy metabolism of 
the brain depends mainly on oxygen and glucose brought by the blood 
\nd finally, in the living animal variation in species metabolism, the 
level of tissue activity at the time of metabolic insult, and, especially, 
individual animal behavior in response to the drug must be reckoned as 
major modifiers 

Despite these variables, the experimental application of a number of 
acute forms of metabolic injury to the living animal, correlated with 
facts observed in the fields of biochemistry and physiology, has yielded 
information about the mechanisms involved in the vulnerability of cer 
tain tissues to injury. It is the purpose of this paper to report further 


experiments of this sort in which rats were acutely poisoned to a sub 


lethal degree with sodium azide, malononitrile, plasmocid (8-[3-diethy! 


aminopropylamino |-6-methoxyquinoline) and 2,4-dinitrophenol and to 
compare the lesions with those caused by cyanide, insulin, asphyxia and 
fluoroacetate 

The first four agents, sodium azide, etc., were chosen because of 
similarities and dissimilarities of their actions compared with those 
previously reported. Azide, like cyanide, is an inhibitor of cytochrome 
oxidase, and is believed also to block an earlier step in glycolysis.‘ 
Malononitrile, a cyanide compound currently being used in the heroic 


treatment of mental disease and for experimental purposes,’ resembled 


und Peters, R. A |. Physiol. 110:488, 1950 Black, S., and 
Arch. Biochem. 17:211, 1948 Elliott, B.. and Kalnitzky, G 
Proc, 9:168, 1950 
piegelman, S., and Moog, | ti full. 89:122, 1945. Reiner, J. M 
Cell. & Comp. Physiol 347, 1947 
Arch rT & Psychiat. 63:586, 1950 Szant 
tiol. & Med. 72:15, 1949 
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azide and cyanide in its destruction especially of white matter. Plasmocid 
has produced brain stem damage in monkeys,® but its lesions in these 
experiments, especially those of skeletal muscle, were quite di/ferent. 
Dinitrophenol, believed to interrupt phosphorylating coupling reactions 


and possibly others,’ failed to cause brain necrosis but its other lesions 


are worth comparing. 
METHODS 


General Outline of Experiments.—These experiments were conducted in a 
manner similar to those previously reported! (q.v.), and to conserve space only 
the essential details will be given. They consisted in poisoning young adult white 
rats of an established strain acutely to a sublethal degree with the particular agent 
under study. Some experiments were also carried out on C3H mice, and where 
data on them are useful for comparative purposes they are included in this report 
Sodium azide, malononitrile, plasmocid (8-[3-diethylaminopropylamino]-6-meth 
oxyquinoline) and 2,4-dinitrophenol were used. The fundamental aim was to 
produce quickly the maximum damage possible just short of killing the animal and 
in this way to cause destructive lesions in those parts of the brain and other tissues 
that were most vulnerable to the agent. The dose used was of the magnitude of 
the LDw. Usually it was repeated over a period of hours, and sometimes the 
experiment was repeated on successive days, for single doses seldom caused damage. 
In any individual experiment the intervals between the doses were gaged somewhat 
by the response of the animal. About 20 to 40 rats were used in each group of 
experiments in order to establish the general pattern of pathologic response and 
minimize individual variations. Males and females were used, and they were kept 
in the manner described previously. Both the rats and the mice of the strains used 
were virtually free of infectious diseases, spontaneous lesions of the heart and 
encephalitis 

Animals were killed usually within a day or two, sometimes longer, after the 
metabolic insult, in order to allow time for necrotic lesions to become visible. A 
complete autopsy was performed on every animal. The following tissues were 
examined microscopically in virtually all cases except where otherwise noted: 
the whole brain, cut in interrupted frontal sections; the eye; the spinal cord im the 
cervical and sometimes the thoracic or the lumbar region, with the associated spinal 
bony column, including the marrow, ganglions and muscles; the bony labyrinth in 
a few cases; trigeminal nerves and ganglions; pituitary gland; tongue; skin of the 
ear; organs of the neck, including the thyroid gland and occasionally the para- 
thyroid glands; thymus; salivary glands and associated lymph nodes; heart; 
lungs; liver; spleen; pancreas; kidneys; adrenal glands; small intestine and 
occasionally stomach; testes, epididymis, seminal vesicles or ovaries with uterine 
horn; sciatic nerve; various skeletal muscles. Muscle was usually taken from the 
masseter, lateral abdominal muscles, and biceps femoris, as well as those mentioned 
above. In the plasmocid studies a number of other muscles were added to this list 
The methods of killing the animals and preparing the tissues for study were 
described before. Bouin's fluid fixation, embedding in paraffin and staining with 
hematoxylin and eosin constituted the most commonly used procedure. Brain 
lesions were mapped according to the anatomic studies of Krieg and Gurdijian.* 


6. Schmidt, I. G., and Schmidt, L. H J. Comp. Neurol. 91:337, 1949 

7. Loomis, W. F., and Lipman, F.: J. Biol. Chem. 178:807, 1948. Tepley, 
L. J Arch. Biochem. 24:383, 1949. 

8. Krieg, W. J. S.: Quart. Bull, Northwestern Univ. M. School 26:199, 
1946; J. Comp. Neurol. 84:221 and 277, 1946. Gurdjian, E. S.: Ibid. 43:1, 1927 
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frequently, used for about a weck or two after being made up, and checked as 


c 


losely as possible for lethal effects. Despite the variability of dosage require- 


ments, the qualitative pattern of lesions, as will be seen below, was fairly consistent 


‘ 


the animals were given three to four doses of the dug intra 
at intervals during the day for one or two days, and sometimes tor 
In certain instances single doses were given when the histologic 


hanges re » be studied at intervals of 6, 12 and 24 hours after the drug was 


given. I ponse the animal became sluggish and then weak within one or two 


hours after tl rst intraperitoneal injection. General weakness then became even 


more pronot , and the animal experienced considerable difficulty in walking, 


sometimes g unable to stand up on its forelegs especially Difficulty in 


biting wing und eating was observed as reported in detail by Schmidt and 


\ fair degree of recovery from this weakness occurred in 24 hours 
mals that survived the bouts of poisoning 

enol Experiments.—For the rats used in these experiments the lethal 
dinitrophenol was about 20 mg. per kilogram in a 1: 100 dilution. The 
omewhat variable. In most instances, within a few minutes there was 
her violent generalized convulsions resembling those after cyanide 
experiments a number of animals died within a few minutes of 

In others, convulsions were not followed immediately by death, 

a period of half an hour to two hours during which the animals 

ak and agitated and the heart action and respiration rapid Some 
imals died after this one or two hour period with rectal temperatures 
F.. while others did not have fever Some that survived had 

so that the severity of the fever and the convulsive state could not 

with morbidity The animals studied histologically were in most 

se that had received more than one dose over a period of several hours 
100 dilution was prepared by dissolving the dinitrophenol in distilled water 
a calculated equivalent of sodium carbonate had been added. In this 


t was readily soluble as the sodium salt 


RESULTS 


hanges Ihe criteria for determining histologic evidence of damage 
periments were presented in detail in the previous study, so that only 
nt data need be emphasized here The gathering and estimating 
essentially in recording the distribution of necrotic lesions 

was made to interpret minor alterations of nerve cells and 


or hyperchromatic staining, swelling or shrinkage, in terms 


reversible changes As in the previous experiments, such alterations 
in staining of nerve cells were observed, but they could not be 
tinguished from those frequently seen in control material and in 
identified as artefacts The early sacrifice of the animals 
a study of possible chronic or slowly reversible lesions which might 

in nerve cells 
f a few scattered neurons or myelinated fibers was usually accom 
anied by hyperchromatic staining reactions of the nuclei of microglial and 
oligodendroglial cells and of the endothelial cells of the regional capillaries, but 
this mesenchymal response per se was not recorded as a destructive lesion. How 
ever, it was frequently a useful indicator of associated parenchymal damage. With 
more severe jury the usual response seen following any noninfectious necrotic 
lesion he brain was present. The least severe form of brain damage was 


ath of nerve cell bodies or, as often was the case in malononitrile 
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SO 


and azide poisoning, necrosis of myelinated fibers. The cytoplasm of neurons 
became eosinophilic, sharply reduced in volume and poorly outlined. The nucleus 
imilarly reduced and became basophilic and poorly defined 


was 
was a swelling and dissolution 


The earliest visible lesion of the white matter 


of the myelin layer of the fibers. This was clearly evident in less than 24 hours 
but proliferation of microglia and other interstitial cells lagged behind, not becom 


' 
} 


ing evident until more than 24 hours had elapsed, when the response developed 


Large, foamy phagocytes required several days to form. The 


fairly vigorously 
nders deteriorated more slowly than myelin, as would be expected, although 


Oligodendroglia in these 


1xis-cy 
disintegration paralleled the myelin breakdown 
about 24 hours, when necrosis of 


sorrte 
esr lid not show signs of damage until 


some became evident. In the corpus striatum there were varying combinations of 


ummary of the Principal Lesions of the Nervous System Caused by 


{side Poisoning in Eleven Rats 
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White matter 
Gray matter 2+ 
White matter 
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bulb 1+ 
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some clongation and vacuolation of thyroid acinar cells, and in malononitrile 
experiments a few mitotic figures appeared in parathyroid cells 

The examination of the eyes merits brief comment. It was usually carried 
out by sectioning the organ close to a great circle that included the optic nerve 
No unequivocal destructive lesions of the retina were seen. Congenital defects 
were not observed in rats, but congenitally rodless C3H mice were frequent 
Sometimes a certain degree of shrinkage of retinal nuclear cells occurred despite 
immediate fixation. This was frequent in the dinitrophenol animals, less often 
in the azide, malononitrile and plasmocid animals. It showed no parallel with 
damage elsewhere in the nervous system. Whether it represents a mild form of 


Fig. 1.—Azide poisoning in rat. Acute necrosis of the center of the corpus 
callosum about 24 hours old, indicated by arrow At this stage it appears 
essentially as a demyelinating process. (Hematoxylin and eosin; x 150.) 


the frankly destructive lesions seen in two or three animals previously reported 
cannot presently be decided, but it seems pertinent to record it. In rats that had 
demyelinating lesions involving the optic tracts, the condition sometimes appeared 
far out in the optic nerve, close to the retina. Cataracts were not observed in 
the rats. In a number of C3H mice acutely poisoned with cyanide and dead in 
hours after poisoning, conspicuous white opacities developed in the 
anteri irfi of the lens, lending a white appearance to the normally black 
pupil 
rperiments (tables 1 and 2) \ total of 37 animals was poisoned witl 


ide to the pomt of coma and convulsions as noted above Fifteen died 
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in the acute stage of poisoning, 11 survived without brain lesions developing, and 
11 survived to undergo varying degrees of destructive lesions of this organ. The 
lesions were almost exclusively limited to the corpus callosum, the corpus striatum, 
especially the bundles of myelinated fibers, and the optic nerves and tracts. In one 
animal with severe damage there was some demyelination of the medial lemniscus 
and of the restiform body in the brain stem. In another a single focus of necrosis 
occurred around a vein in the posterior part of the lateral thalamic nucleus. The 
histologic sequence of events was described above. Lesions were found in the hearts 
of most of the animals with brain lesions and in one or two instances where 
pathologic change of the brain was absent. These were usually mild and, as in 
the asphyxia and insulin experiments, were constituted of smali foci of necrosis 
of a few myocardial fibers with a response largely on the part of histiocytes of the 


Taste 3.—Summary of the Principal Lesions of the Nervous System Caused by 
Malonomtrile in Fifteen Rats 


Animals in Which 
Region Indicated 
Showed Lesions 

Cerebral cortex 

Corpus callosum 

Corpus stristum (gray matter) 

Corpus striatum (white matter) 

Optic tracts 

Olfactory bulb 

Substantia nigra 


e 4.—Protocols of Four Representative Rats Receiving Malononitrile 


Dose and Duration Cortex (by 
oft Treatment White Matter Corpus Striatum Area *) 

5 mg. per kilogram Corpus callosum 2+ White and gray 0 

> times in 2 days matter 2+ 

) Ing. per kilogram Optic tracts 2+ White matter 3+ 

9 times in 2 days Gray matter 1+ 

10 mg. per kilogram LU) Gray matter 1+ 

oner 

0 me. per kilogram Corpus callosum 1+ Gray and white Area Sib (2+) 

twice 7 hr. apart matter 2+ Olfactory 

bulb 2+ 


region There was no special pattern of distribution except a tendency to be 
subendocardial and perivascular in the ventricle. In one animal that showed severe 


lesions of the brain there was well developed necrosis of the tubular epithelium 


of the testis, and one other animal showed a few necrotic cells. No renal or 
hepatic lesions occurred. In those animals that survived two days or longer 
the thyroid acinar cells were tall cuboidal, and the colloid adjacent to them 
appeared vacuolated. Colloid was sometimes conspicuous in the pituitary gland 
between the anterior and posterior lobes. 

Valononitrile Experiments (tables 3 and 4) .--Twenty-six rats were poisoned to 
the point of convulsions and coma over a period of two to four hours. The experi- 
ment was repeated on successive days in some instances when it did not appear that 
the first bout had produced severe damage of the brain as evidenced by marked 
neurologic disturbances on the day following poisoning. Fifteen animals survived 
with brain lesions, four died in the acute phase of poisoning, and seven survived 
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without brain lesions. Necrosis occurred most often in the corpus striatum, where 
both gray and white matter were affected. In one or two instances scattered 
with either no reaction in the white matter or 
in its microglia and oligodendroglia after a day or two 
and tracts and the corpus 
damaged 


striatal neurons were necrotk, 


an 
nm rease 


The optic nerves 
portion, were occasionally 
In three instances the cerebral cortex disclosed necrosis in the rhinal 


callosum, in its central 


fissure and adjacent areas 51a and b, a region less rich in capillaries than most 
of the cortex elsewhere 

Other visceral changes consisted in minimal lesions of the ventricular myo 
if most animals similar to those described in poisoning with azide, insulin 
and, in one animal, moderate patchy 


cardium 


renal tubular necrosis 


id Experiments (tables 5 and 6).—Several dozen rats were poisoned 
third died or were killed in the 


he acute phase of poisoning Most of 


mmar f Principal Lesions Caused by Plasmocid m 
" 


Twenty-Five Rats 


Animals in Whict 
Region Indicated 
Showed Lesions 
Skeletal museclh 
Heart muscle 


Trigeminal ganglion 


summary of Lesions Caused by Dinitrophenol in Seventeen Rats 


Animals in Whict 
Region Indicated 
Showed Lesior 


Heart muscle 
Skeletal muscle 
Adren cortex 
Renal tubules 


Adipose tissue 


s were subjected to complete autops; ut a number were used pri 
nly the muscle necrosis and regenerative changes which are so well 
after this drug The | f 


drue was also tested in 10 C3H 
of lesions in skeletal muscl 
rats 


mice which 


e, heart and trigeminal ganglions 


g lesion caused by plasmocid was severe i { skeletal 
In addition heart muscle was also damaged, often severely, and 
ns occurred in the trigeminal ganglion and the peripheral (sheathed 
no necrotic lesions. In the 


events was a dissolution of the 


Other tissues showed 1 | skeletal muscle 
muscle fiber, usually 
accompanied by edema and 


In 24 hours there had 


with its nuclei 
murs a scant infiltrate of segmented 
ad developed in the necrotic areas an abundant 
cells Numerous mitotic figures occurred 
obscure but may have been chiefly 
of muscle cell nuclei was 
division probably accounted f 


nuclei of relatively well 


preserved mus 


ologic change from virtually intact 
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Fig. 3.—Plasmocid poisoning in a rat. A, two necrotic neurons (indicated by 


arrows) in the gasserian ganglion. 


B, acute degeneration of myelinated fibers in 


the gasserian ganglion. A sheath cell (indicated by an arrow) is undergoing 
mitosis. (Hematoxylin and eosin; about x 1,000.) 
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wcid poisoning ina rat. Acute necrosis of diaphragmatic skeletal 
' 


hours old The inset shows a mitotic figure in a muscle fiber 
about * 400 and x 1,000.) 
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of these studies is in 


s with poor striations to oval basophilic cells whose origin might 
cells and 


(A continuation 


of the 


histiocytes were seen 
mononuclear 


termine more accurately 
cell nuclei and “sarcolemmal” 


or 
the source 
nuclei in degeneration and 


pr 


their 


in the masseter, 


\ 


to muscle 
often seen 


and the diaphragm 


lator 


lesions were most 


regeneration of muscle Severe 
lingual, pharyngeal constrictor and extrinsic cye muscles 
quantitative estimate of the damage done to various muscles has not been mare yet 

skeletal muscle and were not 


experiments 
show that 


heart paralleled those of the 
fluoroacetate 
was difficult to 


e lesions of the 
those seen in the and other 
nes they were severe and extensive, 
he animals died primarily as a result of heart failure, for several survived 
fyrures were not difficult 


As in skeletal muscle, 


in quality from 
though it 


hanges. Of interest was the fact that mitoti 


heart muscle fibers, though they were uncommon 


art muscle about 


Necrosis 


500.) 


poisoning i 


Dinitropheno! 
old. (Hematoxylin and eosin; 
intact striated forms to basophilic mono 
of the reacting cells is uncertain 
a characteristic 


transition from nearly 


seen, but the origin of many 


nucle: with 
“degenerating” heart 
one might attribute 


the mitotic figures as well as from the 
stripe of chromatin that were present in these 
ls 


in interstitial histiocytes and in endothelial cel 
kow type of reacting cell in these young adult rats to all three sources 


studies may clarify this 
e trigeminal lesions consisted in necrosis of scattered neurons, patchy necrosis 


the « ytoplasm 


Mitosis of 
the 


of some myelinated fibers and proliferation of capsular perineuronal cells and nerve 


Mitotic figures frequently occurred in the sheath cclls 
and slightly basophilic 


(central) segment of 


rounded up 


became somewhat 
the proximal 


time 
Changes in 


was rare 


nerve were not seen 
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| Experiments (table 6) Forty rats were poisoned 


onvulsions 


acute ly to 


were destructive 


smmall cardiac 


lesions ; 


1 S)0T1S 


Twenty-three died in the acute phase 
I 


found in the nervous 


~evernteen sur 


system 


rarely there were moderately extens 


Usually 


ive lesions 


Lesions also occurred in skeletal muscle, qualitatively similar to 


plasmocid, but not as extensive or as severe Necrosis of scattered 


ical cells and occasional mitosis of others were found in three rats 
1¢ which adventitiously appeared in routine sections revealed slight fat 
two instances. Renal tubules showed necrosis, slight in two, more severe 


nima 


of Various Tissues of Rats Caused by 


ms of Metabolic Inhibition 


Fluoro Malono Plas Dinitro 
Asphyxia acetate Azide nitrile moeid phenol 
n Poise Poisor Poisor Potso Polson 
v ing ng og ing 
Cerebral cortex 
Corpus striatum 
Corpus callosum 
(optic tracts 
Hippocampus 
Sulbetant 
(erebell 
Mhalan 
rrigen 
Heart 1 
Skeletal 
Liver 
Kidney 
Testis 


Adrenal « 


cates frequent and often severe lesik 

ates rare or usually mild lesions 

cates damage to white as well as gray matter 
cates lesion occurred in a single anima 


’ 
‘ 


a 


COM MENT 


general observations stand out when these experiments and 
previously carried out' are evaluated together: 1. There were 
triking similarities in the patterns of lesions produced There 
ven more striking differences in the distribution of the lesions 


us organs and parts of the nervous system. In the category of 


lesions the cerebral cortex, the gray matter of the corpus stri 


und the 


heart were frequently damaged by a number of agents 
iy be generally attributed to the relatively high and continuous 
netabolism in these regions, where interference with any of sev- 
in their energy metabolism would rapidly cause injury 
the type of metabolic pathways used by different tissues is 
it the same is suggested by the marked differences among the 


lesions developed (table 7) If the energy metabolism 
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of all cells were the same and differed only in rate, then all forms of 
interference with it would produce the same pattern of lesions; those 
areas in which reserves were the least, in which blood supply was meager, 
or in which energy demands were the greatest would break down first 
Obviously vulnerability to metabolic injury does not resolve itself so 
simply. Possible modifying factors such as duration of action, rate of 
detoxification and excretion, and selective permeability of some tissues 
to some agents were mentioned on a foregoing page. These may indeed 
be factors, but several of the experiments suggest strongly that qualita 


tive differences in metabolism may influence susceptibility to specific 


types of injury. Notable was the frequently selective destruction of 
white matter by cyanide, azide and malononitrile. Although these com 
pounds behaved quite differently in their clinical effects on the animals, 
cyanide acting within two minutes, azide requiring several hours and 
malononitrile an interval lying between, they produced similar lesions 
It is possible that these compounds concentrate in white matter, but 
there is more evidence for another common denominator, namely, inhi 
bition of cytochrome oxidase.® Azide and cyanide do inhibit cytochrome 
oxidase in vitro, and malononitrile, being a cyanide compound, may 
behave similarly. White matter, with a relatively low content of 
cytochrome oxidase, seems nevertheless to depend on the cytochrome 
system of enzymes as a principal pathway of energy production. Pos 


sibly this constitutes an “enzymatic bottleneck” for white matter. Its 
total metabolic rate is not high, hence the degree of oxygen lack and 
glucose lack developed in other experiments was not severe enough 
to damage it irreversibly before other areas, such as the cortex, were 
seriously damaged. The preponderance of demyelinating lesions due 
to azide may be the result of an enhancing effect of its additional inhibi- 
tory effect on certain stages of glycolysis.* 

Other phases of the experiments are of interest in regard to differ- 
ences of lesion patterns. The substantia nigra, a region whose vulner- 
ability to certain injuries has interested experimental neurologists, 
presents a puzzle. Cyanide, oxygen lack and in one instance malononi- 
trile caused necrosis in the nigra, yet lesions caused by a lack of glucose 
(insulin hypoglycemia) and by azide did not appear in this region. The 
possibility might be entertained that the nigra utilizes substrates other 
than glucose or stores a reserve of glycogen. The sparing of the hippo- 
campus by all except cyanide and insulin hypoglycemia is even more 
enigmatic, for the vulnerability of this region has often been ascribed 
to its relatively 


“inadequate” blood supply. 
The lesions that followed dinitrophenol and plasmocid serve to point 


up further that various toxic agents may produce very different patterns 


», Lumsden, C. S.: J. Neurol., Neurosurg. & Psychiat. 18:1, 1950. 
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of pathologic changes The in vitro action of plasmocid is not yet 
understood, nor is this substance known to resemble quinacrine 
(atabrine®),'° which inhibits thiamine metabolism and certain other 
enzymatic processes and causes muscle damage. The compound has 
produced severe brain stem lesions in monkeys* reminiscent of acute 
thiamine deficiency. No brain lesions were found in rats or mice, but 
the severe necrosis of skeletal and heart muscle, and milder damage to 
the trigeminal ganglion, constituted a striking distribution of lesions 
which certainly must have little to do with blood supply. Dinitrophenol, 
despite the fact that it caused severe transient convulsions a few minutes 
after administration, confined its chief irreversible effects to heart muscle 
and skeletal muscle. The failure to produce brain lesions suggests that 
its inhibition of certain phosphorylating mechanisms’ is not nearly as 
deleterious to the nervous tissue as to striated muscles 

he convulsive state is always a dramatic syndrome, but in both 
human medicine and animal experimentation it may reflect anything 
from the mildest reversible biochemical disturbance to the severest 
destructive lesions Indeed, like ventricular fibrillation, it may reflect 
a disturbance of function leading to death of the total organism before 
special tissue destruction can develop. Throughout these experiments 
it has been an unreliable indicator of destructive brain disease. As an 
example, the fluoroacetate convulsions were much more striking than 
the scanty brain lesions sometimes produc ed 

Che emergence of the heart as an organ vulnerable in some degree 
to all the agents (cyanide excepted) suggests that its constant energy 
demands make it susceptible to any interference with energy metabolism, 
for somewhat the same reason that the striatum and the cortex often 
ure Unlike the brain, however, it is not almost completely dependent 
m aerobic oxidation of glucose to keep it going, for it can use several 
substrates. Despite these safety factors, fluoroacetate and plasmocid 
seem to have singled out “enzymatic bottlenecks” even in heart muscle 
It may be that the converging point for lactate, pyruvate and glucose 


is the weak link in the cardiac metabolic chain, and brain tissue 1s partly 


able to side-step this The mild lesions produced by azide and 


malononitrile, in contrast to cyanide, might be attributed to an enhancing 

effect of other inhibitory mechanisms, or perhaps the action of those 
suunds was more sustained than that of cyanide 

onclusion, vulnerability of various parts of the nervous system 

bolic injury must be considered to be compounded of several 


Phe balance of blood supply and metabolic demands in various 


verman. M |. Biol. Chem. 178:423, 1949 Siegel. H.. and Mushett. 
Arch. Path. 38:63, 1944 Haas, E J. Biol. Chem. 188:321 (Sept.) 


Advances Enzymol. §:129, 1945 
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regions of the brain is probably a constantly modifying factor when any 
interference with the oxidation of glucose is present. This is somewhat 
supported by the zonal quality of the lesions, such as those in the corpus 
striatum, where lesions of both gray and white matter sometimes 
occurred together, and in the corpus callosum where necrosis of myeli- 
nated fibers was accompanied by necrosis of the regional oligodendro- 
glial cells. Conversely, the demyelinating lesions are probably best 
explained by assuming that a specific enzymatic inhibition is the domi- 
nant factor. Further, the extremely different patterns produced by 
other agents substantiates this view that qualitative differences of 
metabolism determine susceptibility to injury in a large manner. 


SUMMARY 


White rats were poisoned sublethally with sodium azide, malono- 
nitrile, plasmocid (8-|3-diethylaminopropylamino ] -6-methoxyquinoline ), 
and 2,4-dinitrophenol, and the distribution of lesions of the nervous 
system and other organs was determined pathologically by sampling a 
wide range of tissues. These were compared with the lesions previously 
reported following sodium cyanide poisoning, insulin hypoglycemia, 
asphyxia in nitrogen, and poisoning with sodium fluoroacetate. Azide 
and malononitrile resembled cyanide in a tendency to damage white 
matter. Plasmocid caused severe necrosis of skeletal muscle and heart 
muscle and a lesser degree of damage to the trigeminal ganglion. Dinitro- 
phenol damaged skeletal and heart muscle, usually not severely 

Selective lesions are probably brought about in the nervous system 
and other organs by varying combinations of factors. In the brain, 
richness of blood supply may be one of the determinants, but the gen- 
eral level of metabolic rate as well as qualitative differences of enzymatic 
pathways used by the tissue seem also to be important. Cyanide, azide 
and malononitrile may owe their tendency to cause demyelinating 
lesions to a common factor, the inhibition of cytochrome oxidase, of 
which white matter has a minimal supply. 


Though frequently damaged by those agents that interfered directly 





with aerobic oxidation of glucose, the heart was never seriously injured 
by these forms of metabolic inhibition. Its ability to utilize at least 


three substrates and to some extent alternate metabolic pathways per- 


haps explains its greater resistance in this respect ; but by the same token 
interference at the metabolic level of convergence of lactate, pyruvate 


and glucose may cause serious effects. 


This investigation was carried out with the technical assistance of Caroline A 
Schaufus, B.A., and Alice A. Williams 


eae See leak ole ed 








RANGE OF EXTRACELLULAR HYDROGEN ION CONCENTRATION 
TOLERATED BY MACROPHAGES GROWN IN 
TISSUE CULTURE 


1. N. DUBIN 


BETHESDA, MD 
AND 


Cc. K. YEN* 
SHANGHAI, CHINA 


D' RING experiments with the growth in tissue culture of the 
exoerythrocytic forms of Plasmodium gallinaceum it became neces- 


sary to learn the range of extracellular hydrogen ion concentration 


tolerated by the malarial parasite and the host cell, the macrophage. A 


review of the literature showed that while the p, tolerance ' of fibroblasts 
had been determined in vitro,*? very little information was available 
concerning the py tolerance of macrophages. The only publication found 
was by Menkin His experiments, however, were of brief duration and 
were limited to py levels below 7.4. Consequently we set up a series of 
experiments to determine the complete range of hydrogen ion concen 
tration tolerated by macrophages grown in vitro when subjected to 


constant Py levels for periods of days 


METHODS AND MATERIALS 


The methods will be described in detail, since they are the identical ones used 
in later work with tissue cultures of malarial parasites, the results of which will 


be reported in subsequent papers 


* Research Fellow sponsored by the American Bureau for Medical Aid to 
China, Incorporated 
From the Department of Pathology and Bacteriology, University of Tennessee 
College of Medicine, Memphis, Tenn 
\ contract with the Office of Naval Research, Microbiology Branch, Number 
N&onr-75700, and the cooperation of the Tennessee Valley Authority through 
financial assistance provided under contractual agreement have made this work 
possible 
For the sake of brevity, the phrase “range of extracellular hydrogen ion 
ntration tolerated by cells” will be abbreviated to “fa tolerance.” 
Fischer, A Tissue Culture, Copenhagen, Levin & Munksgaard, 1925 
Paff, G. H Proc. Soc. Exper. Biol. & Med. 62:184, 1946 
Menkin, \ Arch. Path. 27:115, 1939 
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Source of Macrophages.—These experiments were set up with chick embryo 
spleen infected with the exoerythrocytic stages of P. gallinaceum in order to study 
the effects of hydrogen ion levels on the parasites and the macrophages simul- 
taneously. Ten day old chick embryos were infected by the chorioallantoic route * 
with pieces of chick embryo brain containing numerous exoerythrocytic forms of 
the parasite. Six to seven days later the spleens were removed aseptically from 
such embryos, and each spleen was placed in a separate dish containing glucosol.® 
Each spleen, measuring about 3 or 4 mm. in diameter, was cut into 7 to 11 tiny 
fragments, each less than 1 mm. in diameter. One piece was used for making 
smears, which were stained with Giemsa to determine the degree of infection 
The other pieces were used as explants for the tissue cultures 

Flasks.—The flasks consisted of bottomless Carrel flasks * to which cover slips 
were cemented with gelva® V-7.7 They measured 30 mm. in outer diameter by 
12 mm. in height and had a side arm 25 mm. long with an outer diameter of 
10 mm. The inner diameter of the side arm measured 7 to 8 mm. Special rubber 
stoppers to fit these flasks were obtained.’ The cover slips were 35 mm, square and 


of no. 1 thickness (fig. 1) 





COTTON 
e*% 














Fig. 1.—Sketch of a bottomless, Carrel type flask showing a cemented cover slip 
serving as the bottom of the flask, as well as a rubber stopper with glass connecting 
tubes allowing a continuous flow of gas mixtures 


Design of Experiment.— Because only a smal! number of pieces could be obtained 
from each spleen, individual experiments contained a limited number of test groups 
and utilized several spleens simultaneously. This necessitated the setting up of 
numerous experiments each containing a control group at fu 7.4 and three or four 
test groups. In a typical experiment eight explants were obtained from each of five 


spleens. These eight explants were then divided into four experimental groups. 


Since each flask contained one fragment of tissue this provided two flasks for each 


4. Zuckerman, A.: J. Infect. Dis. 79:1, 1946 

5. Parker, R. ¢ Methods of Tissue Culture, New York, Paul B. Hoeber, 
Inc., 1938, p. 42 

6. Zuckerman, A.: J. Infect. Dis. 77:28, 1945 

7. Gelva® V-7 is made by Shawinigan Products Corporation, Empire State 
Building, New York, N. Y 

8. These were made by R. W. Rhoades Metaline Company, Incorporated, 


P. O. Box no. 1, Long Island City, New York 
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group. Because this design was repeated for cach of the five spleens, the procedure 
allowed for adequate controls 

The explant was placed on the bottom of the flask (i. ¢., on the glass cover slip) 
without cementing by plasma clot and was covered with | ml. of nutrient medium 
Plasma clot was not used because: 1. Growth was found to be as good, if not 


better, without cementing. 2. When cementing is used, the piece of tissue forms a 


protective covering for the macrophages which grow out between the bottom of 
the tissue fragment and the glass cover slip, thereby interfering with the direct 
action of the nutrient medium on such cells. If, on the other hand, cementing is not 
used, the tissue fragment can be moved about from place to place by occasional 
agitation of the flask, thereby exposing the naked macrophages directly to the 
autrient medium. 3. In the present experiments the absence of plasma clot was 
found to insure a pure culture of macrophages. Plasma clot evokes a growth of 
fibroblasts at the periphery of the splenic explant, which interferes with the purity 
of the cultures 

In the preliminary studies it was found that with pu values under 7.4 the pa 
of the medium could be kept constant for 48 hours by continuous flow of carbon 
dioxide gas mixture when two splenic fragments were used with 1 ml. of medium 
The maintenance of constant pa of mediums at more alkaline levels (pu 7.6 to 9.0) 
was more difficult, because the buffering action of the medium was weak at such 
levels and under such circumstances the small amount of CO. given off by metabo 
lizing cells had a greater tendency to alter the fu of the medium than at lower pa 
levels. It was found, however, that the pu of the medium could be kept constant 
for 24 hours at alkaline levels (fn 7.6 to 9.0) when only one tissue fragment was 
used with | mil. of nutrient medium. Therefore, in all experiments only one piece 
of spleen was used per flask. In the test groups under fu 7.4 the nutrient was 
changed every 48 hours, and in the groups above fa 7.4 the nutrient was changed 
every 24 hours 

Vutrient.—The nutrient medium consisted of chicken serum, phenol red as indi 
cator and a balanced salt solution as diluent. In all experimental groups the concen- 
trations of serum and phenol red in the nutrient medium were kept constant. Chicken 


> 


more than | week old, was used in a final concentration of 20 per cent 


red was made up originally in a 0.1 per cent aqueous solution and was 
1 to 0.05 per cent by the addition of an equal volume of Tyrode's solution 
neentration of phenol red in the nutrient medium was 0.005 per 
uting fluid consisted of one of two types of balanced salt solution 
was Tyrode's solution; this was used in the experimental groups 
7.6. The final nutrient medium used in these groups was 

of chicken serum, 1 ml. of 0.05 per cent phenol red and 

solution. For more alkaline levels the use of Tyrode's solution 

ible, since the fu of Tyrode's solution and chicken serum in equilib- 
negligible CO.) is about 8.2 to &3. One therefore could not obtain 
than 8.3 unless sodium carbonate was substituted for sodium 


Since variations in the concentrations of ingredients would be neces- 


ecided to use Krebs-Ringer-bicarbonate solution, which consists of a 


tions each of which is isotonic.” Because each solution is isotonic, 


final concentrations of individual ingredients still result in a final 


Ww. W Burris, R. H., and Stauffer, J]. F Manometric Tech- 
lated Methods for the Study of Tissue Metabolism, Minneapolis, 


ing _ompany 1948 Pp 194 
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isotonic mixture. The Krebs-Ringer-bicarbonate mixture was modified by using 
lesser amounts of calcium chloride and potassium dihydrogen phosphate than in the 


original formula, and by the addition of glucose (dextrose U. S. P.). This modified 


Krebs-Ringer-bicarbonate-glucose solution will be referred to hereinafter as 
KRBG. This solution was used over a fa range of 7.4 to 9.0 
The ingredients of KRBG were as follows: 


100 parts of 0.90% NaCl 
4 parts of 1.15% KCl 
part of 122% CaCh 
; part of 2.11% KH.PO, 
l part of 382% MgSO.7H,O 
21 parts of 130% NaHCO, 
1.3 parts of 10.0 % glucose in isotonic sodium chloride solution 


The final concentration of glucose in KRBG was 1 in 1,000. The calcium an 
phosphate were reduced because of the precipitation of some form of calcium 
phosphate at fu values over pa 7.4. It was found that this precipitate was toxic to 
to: macrophages.'"® For this reason the concentrations of calcium and phosphate 
were reduced, in order to lessen the amount of precipitate. The amounts of calcium 
and phosphate present in KRBG, however, still gave some precipitate at pu 8.4 and 
higher. Tyrode’s solution contains 72.2 mg. of inorganic calcium per liter and 11.2 
mg. of inorganic phosphorus per liter. The KRBG soiution contains about 23 mg 
of calcium per liter and 12.5 mg. of phosphorus per liter. When this is mixed with 
chicken serum ™ in the proportions of 2 parts of serum, 1 part of 0.05 per cent 
phenol red and 7 parts of KRBG, there results a final concentration of calcium of 
40 mg. per liter. In later experiments *® it was found that the calcium could be 
reduced to 11 mg. per liter without deleterious effects 

Each ingredient solution of KRBG was made up and autoclaved separately 
The final KRBG solution was made up just prior to use by mixing the various 
individual sterile solutions 

rhe sterile sodium carbonate solution containing a few drops of phenol red was 
treated with varying amounts of CO, gas, depending on the final pu required, 
sterile precautions being used. This produced a mixture of sodium carbonate and 
sodium bicarbonate. By using this mixture rather than a pure sodium bicarbonate 
solution, it was possible to attain more alkaline nutrient mediums, with pa values 
up to 9.0. After the mixture of carbonate and bicarbonate was added to the other 
ingredients, the Pu of the KRBG solution was altered in the required direction either 
by decreasing CO. content (achieved by agitation of the flask) or by adding 
further CO 





Determination of pu Values.—The incorporation of phenol red in the medium 
allowed a rapid visual check of the pa of each flask. The pa values were determined 
by means of a Beckman® model G pu meter, with the use of standard electrodes and 
a standard 5 ml. beaker. Accurate readings were obtained with volumes of 2 ml. 
of test fluid. The temperatures of the fluids at the time of the determinations of the 
pu values ranged between 31 and 33 C. It was found that the loss of CO, occurred 
slowly and that this was a negligible source of error 

Since 2 mil. of test fluid was required for accurate readings and the culture 


flasks contained only 1 ml. of nutrient, two methods were used to surmount this 


10. Dubin, I. N.: To be published 


11. A serum mixture obtained from roosters and nonlaying hens has a calcium 
value of about 125 mg. per liter 
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difficulty. One was to mix the contents of two flasks of identical color and obtain 
an average reading. The other was to add to the | mi. contents of one flask about 
1 mil. of distilled water kept at incubator temperature. It was found that the pu 


readings obtained from 2 mil. of nutrient were similar to those from 1 mil. of the 


same nutrient mixed with | mil. of distilled water of the same temperature 

ntr of Pu The fu was controlled by a continuous flow of gas mixtures 
containing oxygen, nitrogen and carbon dioxide. The oxygen was kept constant 
at 20 per cent in all mixtures while the CO, and nitrogen were varied. These 
mixtures were made in the laboratory. After the nutrient was made up, samples of 
it were gassed with mixtures containing various concentrations of CO, at both 
room temperature and 37 C.!? When equilibrium was reached, pu readings were 
made with the Beckman® fy meter. On the basis of these readings the CO, content 


f the mixtures was varied until the desired fu was obtained 
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Diagram of the set-up allowing gas mixtures to flow continuously 
culture flasks 


Ihe tanks which contained the gas mixtures described were fitted with pressure 
regulators and needle valves (fig. 2). The gas pressure was kept at about 2 to 4 
pounds. The gas was bubbled through a saturation bottle containing | per 
cent copper sulfate and was then led into the incubator to a similar saturation bottle 
about 6 inches high. This served to warm and saturate the gas with water and to 


prevent dehydration of the cultures. From this second saturation bottle the gas 


was led into the flasks which were connected in series. The last flask was connected 
to an empty Carrel flask which acted as a trap, and this in turn had a piece of 
rubber tubing leading into a bottle of water. Differences in rate of bubbling in the 


ious bottles aided in locating blocks or leaks in the system 


The increase in temperature from 20 to 37 C. usually caused a rise of about 
O2 in pu 
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rhe culture flasks had narrow outlets, and therefore it was a problem to connect 
them in series. Two holes, each about | mm. in diameter, were made in each stopper 
with a hot needle. Into each of these holes was placed a short piece of glass con- 
necting tubing bent at right angles (fig. 1). Absorbent cotton was placed at the 
ends to filter out bacteria. The flasks were connected in series by short pieces of 
nonsterile surgical latex: tubing. As many as 40 flasks were thus connected in series. 

In summary, the pieces of spleen were cut up in glucosol, the nutrient medium 
was mixed and put into small Erlenmeyer flasks according to the number of 
experimental groups. Each Erlenmeyer flask was then gassed (sterile precautions 
heing used) at room temperature with the appropriate CO, mixture which gave 
the desired pa at 37 C. A piece of spleen was put into a culture flask and covered 
with | ml. of the gassed nutrient medium. The flask was then tightly stoppered 
with the special rubber stopper containing the glass connecting tubes. When the 
experimental group was completed this group of flasks was connected in series 
in the incubator. In the group of experiments below fu 7.4 each experiment ran 
for six days and the nutrient was changed every 48 hours. At the time when the 
nutrient was changed and at the termination of the experiment the fa of the 
nutrient medium was determined with a Beckman® pa meter. The fa remained 
quite constant in this group over the six day period and did not vary more than 
about 0.1 of pu. In the group of experiments over fu 7.4, because a small amount 
of CO, had a greater effect on upsetting the constancy of the pu, the nutrient 
medium was changed every 24 hours and the experiments were run for four days. 
Here also the fu was recorded each time the nutrient was changed and again at the 
end of the experiment. In these experimental groups also the Pu remained constant, 
not varying more than about 0.1 of px 

Fixing and Staining.—At the end of the experiment the nutrient was removed, 
the flask was rinsed for several seconds with saline solution, and after the saline 
solution was poured off, about 1 cc. of absolute methyl alcohol was added to the 
flask. This served as a fixative. The flask was then set in a large Stender dish 
containing absolute methyl alcohol to dissolve the gelva.® Usually the cement was 
dissolved in two hours. The cover slips were rinsed for about three minutes each 
in four changes of absolute methyl alcohol to remove the remainder of the gelva.* 
The ver slips were then dried in air and stained for 45 minutes with 2 per cent 
Giemsa in distilled water, buffered at pu 7.0. The stained cover slips were rinsed 
in water, drained and air dried. When thoroughly dry they were mounted with 
clarite® on a 3 by 1% inch slide for permanent record 

Estimation of Measurements of Growth—The results were evaluated both for 
amount of growth and for morphological differences. Any morphological or cyto- 
logical difference in the cells was noted. Also, the amount of growth of the macro- 
phages was noted both at the original site of the implant and at the periphery of 
the implant. The amount of growth of macrophages was estimated in terms of the 
area of the cover slip covered by the macrophage cultures. The growth of the 
parasites was estimated by the number of parasites per number of host cells or per 
unit area of cover slip 

Experimental Groups The test groups which were treated with nutrient 
medium containing serum and Tyrode's solution were set up at pa values of 6.4, 
6.6, 6.8, 7.0, 7.2, 7.4 and 7.6, respectively, for six days. In this group the nutrient 
medium was changed every 48 hours. The groups treated with serum and KRBG 
were set up for four days at pu 7.4, 7.6, 7.8, 8.0, 8.2, 8.4, 8.6, 8.8 and 9.0, respectively 


In this group the nutrient was changed every 24 hours. Experiments were repeated 


three or four times for cach pa level 
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RESULTS 

It was soon noted that there were two areas of activity in each colony 
of a cover slip culture, namely, the central and the peripheral zone The 
area of the central zone of a colony consisted of the site immediately 
underlying the splenic fragment. Between the piece of spleen and the 
cover slip a colony of macrophages developed which was temporarily 
covered by the explant \fter the fragment was moved by tilting the 
flask, a new colony was started at the new site at which the piece of 
spleen came to rest. In addition to this there was outgrowth of macro- 
phages beyond the central area into the peripheral zone. When conditions 


were generally unfavorable to cells and parasites, the greatest changes 


PARASITES 


a. ae sae 
HYDROGEN ION CONCENTRATION 


Effect of the hydrogen ion concentration of a fluid medium on the 


¢ culture of chick embryo macrophages and exoerythrocytic stages 


um gallinaceum 


occurred in the peripheral zone, while lesser changes were seen in the 


central zone. Figure 3 summarizes the results of the experiments. The 


cont > 


wes grew equally well over a py, range of 6.8 to 8.2 


68 growth of the ma rophages fell off sharply and ceased entirely 


Be low 


4 \t Py» 6.6 the number was reduced to about ™% that of 


ol Between py 6.4 and 6.6 the macrophages not only were 


d in number but were also smaller and appeared shrunken (fig. 6) 


line levels growth fell off bevond fp, 8.2 and ceased at about 
\t », 8.4 the number of cells was about ™% that of the control 
there was a moderate amount of precipitate on the cover slip, 


&.6 a considerable amount Beyond py, 8.4 the cells showed 








Cytological appearance of macrophages grown at a constant level of 
lays. The initial magnifications of the upper and lower photomicro 
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a darker blue with Giemsa stain and appeared small, shrunken and 
somewhat stellate (figs. 8 and 9). 

\n interesting difference was noted in the appearance of the macro- 
phages at the extremes of the spectrum of py (figs. 4 to 9). At pu 6.8 
the cells were rounded, almost circular, in shape. They were large in 
size and contained abundant cytoplasm and numerous fat vacuoles 
(fig. 5). There was also a greater tendency toward the formation of 
multinucleated giant cells. At Py 8.2 the cells had much less cytoplasm 
and fewer vacuoles, and there were several sharply pointed cytoplasmic 
processes giving the cell a stellate or elongated appearance (fig. 7). This 
elongated appearance became noticeable at py 7.8 and became more 
marked with increase of px. 

Color differences were noted in the stained preparations, although 
the stain was always buffered at py 7.0. At pu 6.8 the cells tended to 
take a more reddish tint, while at Py 8.2 they were more blue. These 
color differences, however, were not regularly present. 

The malarial parasites had a narrower py tolerance than the macro- 
phages. They grew equally well between py 7.2 and 8.0. At py 7.0 
growth fell to about 50 per cent of the control and at py 6.8 to about 
25 per cent. No parasites were seen at py 6.6. At py 8.2 growth fell to 
about 50 per cent and at py 8.4 to about 25 per cent. Rare parasites 
were seen up to py 9.0. 

COMMENT 


In our experiments the range of extracellular hydrogen ion concen- 
tration tolerated by the macrophages without deleterious effect was from 
fu 68 to 8.2. 

Menkin ® studied the effects of hydrogen ion levels on dog and mouse 
macrophages obtained from exudates. He incubated the exudate with 
phosphate buffers for periods of one to two hours. The py of the buffers 
ranged from 5.5 to 7.4. Menkin stated that the macrophages were 
apparently uninjured between py, 6.5 to 6.9, but that they displayed 
striking impairment at py 5.5. 


It should be pointed out that Menkin’s experiments lasted only one 





or two hours, while in our experiments the cells were subjected to a 


constant hydrogen ion concentration for a period of four to six days. 


\lthough optimal growth occurred between py 6.8 and 8.2, lesser 
degrees of growth occurred beyond the limits of this range. It would 
appear that macrophages could survive undamaged such py levels as 
6.6 and 8.6 for moderate periods of time, probably hours to days. At 
first sight this range of py tolerance would appear surprisingly wide. 
Under physiological and pathological conditions, however, macrophages 
are subjected to a wide range of hydrogen ion levels, including the 
levels encountered in such environments as the reticuloendothelial 
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system, on one hand, and the urinary tract, the gastrointestinal tract and 
the local changes accompanying inflammation, on the other 

According to reports in the literature, the py tolerance of chicken 
fibroblasts is somewhat less than that of macrophages. Fischer ™ stated 
that the optimal growth of chick fibroblasts occurred between py 7.0 and 
78. Paff,?” on the other hand, stated that the optimal range for chick 
fibroblasts was Pu 7.32 to 8.36. 

It should be pointed out that while the results described in this study 
were associated with certain py values they were not necessarily due 
to the direct effect of hydrogen ion concentration. The changes in py 
were accompanied by changes in tension of CO,, concentration of car- 
bonic acid, concentration of carbonate and bicarbonate ions and even 
availability of calcium and phosphate ions. Probably other chemical 
changes also accompanied the shift in py. It has been shown that such 
factors as hydrogen ion concentration, CO, tension, carbonic acid, 
carbonate and bicarbonate ions may operate independently of each other."* 
\t pu levels over 8.4 there was a moderate to considerable amount of 
precipitate of some form of calcium phosphate on the cover slip (fig. 9) 
Not only did this reduce available calcium and phosphate, but it subjected 


the macrophages to a precipitate which in later experiments '° was found 
to be quite toxic to them. This may be a partial explanation of the 
intolerance of macrophages for py levels above 8.2 in our experiments 


\n interesting phenomenon was the difference in shape of the macro 


phages at acid and alkaline levels. At acid levels the macrophages were 


round, while at alkaline levels they were elongated or stellate, presenting 
one or more pseudopods. These differences of shape may reflect differ- 
ences of motility and irritability It may be that motility at py 6.8 was 
reduced, resulting in a round macrophage. The stellate form with 
pseudopods at py 8.2 may represent increased motility. This should of 
course be checked by observations on the living cells 
The experiments of Lehmann '"* are interesting in this connection, 
however. He studied the effects of changing hydrogen ion concentration 
the action of “A” mammalian nerve fibers. The threshold for 
electrical excitation with induction shocks was increased when the nerve 
became acid and decreased when the nerve became alkaline. In later 
experiments he produced similar phenomena by varying the balance 
between calcium and potassium at constant hydrogen ion concentration. 
ncluded that the effects caused by an increased concentration of 
wen ion were to be attributed mainly to deionization of the calcium 


it analogously the effects produced by a decreased hydrogen ion 


av, F.; Mitchell, G. G., and Potter, B Australian J. Exper. Biol 


26:471, 1948 
I Am. |. Physiol. 118:600 and 613, 1937 
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concentration were to be attributed mainly to ionization of the calcium. 
It may be that in our experiments there were similar effects on the 
macrophages. The increased ionization of calcium at acid concentration 
of hydrogen ion may have induced immobility of the cells, resulting in 
| 


a round shape, while deionization of the calcium) on the alkaline side 


may have increased the irritability of the cells, resulting in more motile 
cells with pseudopods. Experiments could probably be designed to test 
this hypothesis 

Che increased number of vacuoles on the acid side has been noted by 
other workers, including Fischer and Paff. 

One question that arises is to what extent the internal hydrogen ion 


cencentration of the cells was altered by prolonged exposure to fixed 


1 
le 


hydrogen ion levels of the extracellular environment. No attempts were 


made to determine the internal hydrogen ion levels of the cells. Some 
indirect evidence was obtained, however, that the internal levels may 
have been altered at least to some degree. It is well known that the color 
of the Romanowsky dyes change with py value. In our experiments the 
cells grown at acid levels tended to stain red while those grown at 
alkaline levels tended to stain blue. This may have been a reflection of 
differences of the internal hydrogen ion levels of cells caused by diTer- 
ences of hydrogen ion levels in the extracellular environment These 
differences in color of the stained cells were not always present, however, 


and no definite conclusions can be drawn at this time. 


SUMMARY 


\ study was made of the range of extracellular hydrogen ion concen 
tration tolerated by macrophages and malarial parasites grown in tissue 
culture Cultures of macrophages and parasites were derived from 
chick embryo spleens infected with exoerythrocytic forms of Plasmodium 
gallinaceum 

Optimal growth of macrophages occurred between py 6.8 and 8.2 
when cultures were kept at constant py levels for periods of four to six 
days. Lesser degrees of growth occurred at py 6.6 and 8.4. Growth 

it Pu 6.4 and 9.0 

lhe malarial parasites displayed optimal growth from py, 7.2 to 8.0 

Morphological differences were noted in the macrophages on the acid 
and alkaline sides of the pq spectrum \t Pu 6.8 the macrophages were 
large and round and had numerous cytoplasmic vacuoles. At py 8.2 
the amount of cytoplasm was considerably reduced and the cell presented 
an ¢ ongated or stellate shape, owing to the presence of several pointed 
cytoplasmic pseudopods. This difference in shape may have resulted 


from differences in irritability and motility 











MYOCARDIAL LESIONS IN PROGRESSIVE MUSCULAR 
DYSTROPHY 
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MARTIN G. NETSKY, MD 


NEW YORK 


*EVERAL reports of myocardial lesions in cases of progressive 


\/7 muscular dystrophy have appeared in the older literature,’ and 


they have been reviewed by Globus.?. In 1945 Bevans* reported four 
more cases. These reports have established the facts that cardiac lesions 
occur in progressive muscular dystrophy and that they bear a resem- 
blance to the lesions of striated muscles. Four new cases are presented 
in this communication, and two cases previously reported from this 
hospital by Goodhart and Globus ** are briefly reviewed. 


MATERIAL AND METHODS 


In 8,843 necropsies, from 1911 through 1949, there were 11 cases of progressive 
muscular dystrophy. There were myocardial lesions in six of the 11 cases. In 
each case paraffin blocks of the voluntary muscles and of the heart were stained 
with hematoxylin and eosin and by the Mallory phosphotungstic acid—hematoxylin 
and the Masson trichrome methods. In two cases, tissues fixed in Zenker’s solution 
and preserved in alcohol were available, and additional tissue blocks were utilized 
in these cases 


CASE SUMMARIES 


Case 1 (E. E., autopsy 3089).—A white boy of 9 years was admitted to the 
hospital in 1911 with the chief complaint of inability to walk. At the age of 5 he 
first experienced clumsiness in walking, then generalized weakness and finally total 
inability to walk. About one year prior to admission his face became wasted. The past 
history revealed that at the age of 5 and again at 6 the patient had pneumonia 
with no sequelae. A brother of the patient had a similar muscle disease (case 2) 


From the Laboratory Division, Montefiore Hospital, New York 
* Postdoctoral research fellow of the National Heart Institute, United States 
Public Health Service. Present address: Department of Pathology, Louisiana 
State University, New Orleans 
1. (a) Ross, J.: Brit. M. J. 2:200, 1883. (6) Bunting, C. H Am. J. M. Se 
135:244, 1908. (c) Potter, F. ¢ New York M. J. 90:398, 1909. (d) Goodhart, 
S. P., and Globus, J. H Neurol, Bull. 1:387, 1918 
Globus, J. H Arch. Neurol. & Psychiat. 9:59, 1923 
Bevans, M Arch. Path. 40:225, 1945 





of 89 mm. Hg. 


and back, The hands were not wasted. 


were bilaterally absent 
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-xamination revealed a white boy of fair stature with a systolic blood pressure 
There was generalized flabbiness of the muscles with extensive 


wasting of the shoulder girdles and, to a lesser degree, of the arms, forearms 
There was slight scoliosis. The abdomen 


There were pseudohypertrophy 
The biceps and triceps reflexes 
Sensation was intact. 


was protuberant, and the buttocks were prominent. 
of the calf muscles and bilateral talipes equinovarus. 
Fasciculations were not present. 


Representative features of the myocardial scars in each of the 6 
Masson trichrome stain; x 120. 
{ (case 1), large and small myocardial scars devoid of fat. 
of the myocardium. Note the 
parallel to the remaining muscle fibers 
scarring, fatty cell replacement and fragmentation 
patchy small scars involving parts of single and small groups of 


Cases 
B (case 2), massive scars arrangement of 
collagen fibers 
C (case 3), of muscle fibers 
D (case 4), 
muscle fibers 
I (case 5S), 
F (case 6), 


small groups of muscle fibers surrounded by scar tissue 
massive scars with fatty tissue and entrapped muscle fibers 
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The results of a urinalysis and a complete blood count were within normal 
limits. The Wassermann test of the blood was negative 
His course was progressive, with various muscles of the body becoming more 
wasted. In April 1915 cyanosis of the hands and feet developed and persisted 
until death Terminally, bronchopneumonia developed, and the patient died in 
1916 at the age of 14 The clinical diagnoses were pseudohypertrophic muscular 
dystrophy and terminal pneumonia 
\t necropsy the heart weighed 140 Gm 


The epicardium was of normal thick 
ness, with little subepicardial fat 


The coronary arteries were widely patent. The 


Fig. 2 (case 1).—Heart. Note that there are both thick and thin muscle fibers 
Many of the nuclei are irregular in shape and size 
is multinucleated. Hematoxylin and eosin; « 504 


An occasional muscle segment 


right auricle and ventricle were dilated; the left auricle and ventricle were normal 


Numerous small fibrotic zones were scattered throughout the myocardium, 


and the intervening muscle was pale brown The endocardium of all chambers 


was thin and glistening The valves were unremarkable 


vaive were 


Just distal to the aortic 
several atherosclerotic plaques in the aorta 


The urinary bladder was unremarkable except for a slight degree of hyper- 


of the muscle layers 
microscopic examination of the heart there was a thin epicardium with a 


umount of subepicardial fat. Many small and large, irregular scars were 





ak ORO eS 


VOTHACKER-NETSKY—MUSCULAR DYSTROPHY $81 


scattered through the myocardium (fig. 1 4). They were composed of dense fibrous 
tissue, in which there were individual collagen fibers arranged parallel to the long 
axis of the remaining muscle fibers. There were few scars beneath endocardium 
or epicardium. Fat within the scars was seen either as single cells or small clus 
ters. Portions of the cardiac muscle fibers were entrapped in the scars (fig. 1 4) 
Some of these fibers were swollen and vacuolated, with fragmentation and disap- 
pearance of the longitudinal and cross striations. Others were shrunken and deeply 
stained. The nuclei, for the most part, were enlarged, irregular in outline and 


Fig. 3 (case 1)—Heart. A small scar transects the muscle fibers. Phospho- 
tungstic acid~hematoxylin stain; «K 366. 


unevenly stained. An occasional nucleus was elongated, and single muscle fibers 
even had multiple nuclei (fig. 2) The muscle fibers immediately adjacent to the 
large areas of fibrosis ended abruptly in the scars and had an appearance similar 
to the entrapped fibers. Small scars involving a few fibers were present in the 
better preserved portions of the myocardium (fig. 3). The surrounding muscle 
fibers were only minimally vacuolated or frayed. Throughout the more normal 
myocardium there were shrinkage, hypertrophy and vacuolation of isolated seg 


ments of muscle fibers, with an occasional segment undergoing phagocytosis (fig 


4). The nuclei varied in size and shape, with many giant and multinucleated forms 











582 {ROHIVES O!} PATHOLOGY) 


Che stroma of the unscarred portions was edematous and contained a small num- 


ber of lymphocytes and macrophages. The adventitia of arteries and veins was 


minimally thickened but otherwise normal Aschoff bodies were not found 
In the skeletal muscles the typical changes of progressive muscular dystrophy 


were present. Many of the muscle fibers were hypertrophied and deeply stained, 


with loss of longitudinal striations. Others were pale, with wide spacing of the 


myofibrillac Vacuolation of muscle fibers was present, as well as proliferation 


of sarcolemmal! nuclei There was phagocytosis of an occasional fiber. Several 


of the muscle fasciculi were almost totally replaced by scar tissue The amount 


Fig. 4 (case 1).—Phagocytosis of a degenerating portion of a 
of the heart. Muscle segments on each side are not altered 


cosin stam x OR 


muscle fiber 
Hematoxylin and 


the scars was variable. Several of the muscles were almost totally replaced 


tissue 


inary bladder some of the muscle fasciculi were 


collagenous connective tissue (fig. 5) In these 


replaced in whole or 


5 scars the fibers were 


parallel to the preexisting smooth muscle strands. Occasionally within 


er scars there was an entrapped muscle fiber. Throughout the microscopic 


the smooth muscle fibers varied slightly in size but were otherwise 
blood vessels were unremarkable 

omic diagnoses were pseudohypertrophic muscular dystrophy with 

of the 


ve myocardium, scars of the urinary bladder and focal pneumonia 
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Comment.—Scarring of smooth muscle fasciculi of the urinary bladder was 


observed only in this case. There was a slight similarity between this scarring and 
that in the striated muscles. The failure to find similar lesions in smooth muscle 
elsewhere and in other cases makes interpretation of this isolated finding difficult. 


Case 2 (M. E., autopsy 3316).—A white boy 13 years of age was admitted to 
the hospital in 1911 with the complaint of weakness of all muscles. At 3 years he 
first experienced difficulty in arising from the recumbent to the standing position 
and was clumsy. The weakness and clumsiness were progressive until he became 


Fig. 5 (case 1).—Urinary bladder. Smooth muscle fibers are being replaced 
by collagenous connective tissue. The muscle fibers are wavy in outline, and 
many are shrunken. Masson trichrome stain; x 321. 


relpless. He had several attacks of infectious diseases, with no sequelae: measles 
and whooping cough occurred at 2 years, pneumonia at 5, diphtheria at 7 and 
scarlet fever at 9. The brother of the patient had a similar muscular disease 
(case 1) 

Examination revealed a white boy with a blood pressure of 105/55 mm. Hg 
The face was smooth. The tongue was broad and flabby. The shoulders and the 
intercostal and back muscles were wasted. There was moderate kyphoscoliosis 
The abdomen was protuberant. The muscles of the lower extremities were pseudo 
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hypertrophied. The biceps, triceps and quadriceps reflexes were absent bilaterally 
Fasciculations were not present. There were no sensory changes 

A complete blood count revealed slight anemia. The Wassermann test of the 
blood was negative. Electrical examination of the muscles failed to disclose a 
reaction of degeneration. 

The condition of the patient steadily deteriorated, with progressive muscular 
wasting. In 1915 cyanosis of both hands and feet appeared and persisted until 
death. In 1918 he experienced a 10 minute bout of unconsciousness with tachy- 
cardia, irregular heart rhythm and apical and tricuspid systolic murmurs. There 
were no sequelae. In March 1919 cardiac murmurs were not present. In July 
of that year pneumonia developed, and the patient died at the age of 21. The 
clinical diagnoses were progressive muscular dystrophy with myocardial involve- 
ment and terminal pneumonia. 

At necropsy the heart weighed 270 Gm. The epicardium of the right ventricle 
was slightly thickened. The coronary arteries were widely patent, but a few 
smal] atheromatous plaques were present. A large part of the myocardium of the 
right and left ventricles was irregularly scarred. The left ventricle was slightly 
dilated, and near the apex the myocardium was thin. The endocardium was 
unremarkable. The valves were thin and delicate, but the mitral ring was 
slightly dilated. The tongue was enlarged, and the cut surfaces were streaked 
with yellow fat 

Examination of microscopic preparations of the heart revealed changes similar 
to those seen in the first case except that the process was more severe. The 
scarring was more extensive (fig. 18), the number of fatty cells within the 
scars was greater, and vacuolation was more striking (fig. 6) 


Again, the skeletal muscles and the tongue showed abnormalities typical of 


muscular dystrophy. Muscle fiber changes were extensive, with sarcolemmal nuclear 
proliferation and interfascicular fibrosis. Most of the fibers contained fat. 

The anatomic diagnoses were progressive muscular dystrophy with involvement 
of the myocardium and tongue, and confluent focal pneumonia. 

Comment.—It should be noted that the cardiac irregularities in the course of 
the illness of this patient led to a diagnosis of muscular dystrophy of the myo- 
cardium and that this was confirmed on postmortem examination 

Case 3 (R. S., autopsy 3447).—A white man of 37 years was admitted to 
the hospital in 1910 with a complaint of weakness of both legs. When he was 
29, weakness and wasting of the calves developed which later spread to the thighs 
The arms became wasted at about the age of 32, and this condfion was progressive 
The past and family histories were noncontributory On examination there 
was pseudohypertrophy of the shoulder and abdominal muscles, whereas the muscu 
lature of the upper and lower extremities and of the back was wasted. There 
were moderate kyphosis and bilateral talipes equinovarus. Loss of motor power 
was generalized. The triceps and quadriceps reflexes were diminished bilaterally, 
and the achilles reflexes were not obtained Fasciculations were not present 
There were no sensory changes 

Complete blood counts and repeated urinalyses gave results within normal 
limits. The Wassermann test of the blood was negative. A reaction of degeneration 
was not detected by electrical stimulation of the muscles 

The patient progressively deteriorated with increasing muscular weakness 
and wasting. In June 1915 he expectorated blood and had symptoms and signs 


suggestive of pulmonary tuberculosis, a suggestion which was not confirmed by 
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cxaminations of sputum. In 1916 he began to have a strikingly irregular heart 
rhythm and rate. The blood pressure was 95/65 mm. Hg, and there was cyanosis 
of the dependent parts. In 1919 arteriosclerosis of the peripheral vessels was 
detected and the blood pressure was 150/110 mm. Hg. Then in June 1921 
pneumonia developed, involving the lower lobes of both lungs, and the patient 
died four days later at the age of 48. 

The clinical diagnoses were progressive muscular dystrophy, hypertension and 
terminal lobar pneumonia. 


Fig. 6 (case 2).—Marked vacuolation of muscle fibers of the heart with loss of 
cross and longitudinal striations. Note the normal fibers below. Masson trichrome 
stain; « 504 


At necropsy the heart weighed 350 Gm. and was flabby. A large amount of 


subepicardial fat was present. The coronary arteries were widely patent and did 


not contain atheromatous plaques All the cardiac chambers were moderately 
dilated. The myocardium had a faint yellow color, and the muscle fibers were 
coarse The valves were thin and delicate, but on the under surface of the 
lateral leaflet of the mitrai valve there was a small atheromatous plaque. There 


was mild atherosclerosis of the thoracic and abdominal portions of the aorta 
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Examination of histologic preparations of the heart disclosed changes which 
were similar to those in the preceding cases except that the myocardium was 
separated into groups of muscle bundles by large amounts of fatty tissue (fig. 1 C) 
Individual muscle fasciculi were replaced by comnective tissue fibers Muscle 
fibers entrapped in scars were shrunken, and occasional fibers were vacuolated 

The skeletal muscles revealed changes typical of muscular dystrophy. These 
changes were net as advanced as im the preceding cases ’ 





Fig. 7 (case 4).—Heart. In a few muscle segments the myofibrillae are widely 
spaced and wavy in outline. Cross striations are preserved Phosphotungstic 
aol | hemat Wm ™ S46 


The anatonne diagnoses were progressive muscular dystrophy with involvement 
of the myocardium, healed tuberculosis of the upper lobes of both lungs, adenoma 
t the 


left adrenal gland and terminal focal pneumoma 


Comment An interesting feature observed in this case was the development 

of arterial hypertension during hospitalization. This may have been on the basis 
cortical adenoma The degree of arteriosclerosis in this patient 

to explain the hypertension. The lesions of myocardial and skeletal 

were similar to those in the other cases of this series As im case 2, 


irregularities developed during the clinical course 


rege Remon ne it 
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Case 4 (L. K., autopsy 3548).—A 15 year old white boy was admitted to 
the hospital in 1912 with a complaint of inability to walk and weakness of all 
extremities. At the age of 7 years he began to note weakness of both lower 
extremities ;, at 11°4, imability to rise from a sitting position; at 13, weakness of 
the upper extremities, and at 14, weakness of the back muscles. The weakness 
was progressive, and he became confined to a chair. A brother had a similar 
disorder 

On examiaation, the left half of the face was flattened because of weakness 
of the facial muscles. The arms tapered from the shoulders to the hands and 


Fig. 8 (case 4).—Heart. A normal myocardial fiber in the center ends abruptly in 
a granular degenerating segment. The degenerating fiber becomes the shrunken 
segment on the extreme right. Masson trichrome stain; « 504 


the legs from the hips to the feet. There was pseudohypertrophy of shoulder, 
arm, forearm, thigh and leg muscles. The quadriceps and achilles reflexes were 
absent bilaterally. There were no fasciculations and all sensory modalities were 
intact 

The results of a complete blood count ani a urinalysis were within normal 
limits. The Wassermann test of the blood was negative 

There were progressive weakness and muscular wasting. In January 1912 
the lower lip was seen to be thickened and the tongue continually protruded 
In January 1922 his temperature rose to 103.6 F. and signs of pneumonia were 
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present These findings persisted, and in February he became disoriented and 
cyanotic, and he died at the age of 25. The clinical diagnoses were pseudohyper 
trophic muscular dystrophy and terminal pneumonia 

At necropsy the heart weighed 300 Gm The epicardium was thin, smooth 
and glistening The subepicardial fat was normal in amount The coronary 
arteries were widely patent. Large, pale gray, smooth scars were in the 
myocardium of the left ventricle immediately beneath the epicardium and the 
endocardium Similar scars were present within the interventricular septum 


The myocardium elsewhere was pale, and the fibers were moderately coarse 





. = . 


(case 6).—Skeletal muscle There are proliferation of the sarcolemmal 


‘ 
) 


Fig 


nuclei, shrinkage and hypertrophy of muscle fibers, and scarring with fatty replace 
nent of portions of the fibers. Hematoxylin and eosin stain; x 229 


locardium and the valves were unremarkable Several small atheromatous 
were present in the aorta 


tongue was large, and on the cut surfaces the muscle bundles were large 
y arranged, with small foci of fat between them 

of histologic preparations of the heart revealed abnormalities 

in the preceding cases. In the myocardium fibrosis was focal 

1D There were patches of myocardial fibers with wice 


fig. 7 Some fibers revealed focal granular degener 
x 
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The skeletal muscles and the tongue revealed changes typical of muscular 
dystrophy, with extensive fatty replacement of muscle fibers 

The anatomic diagnoses were progressive muscular dystrophy with involve- 
ment of the myocardium and the tongue, and terminal lobar pneumonia. 


rhe following two cases previously have been reported in detail by 
Goodhart and Globus,’* and only a description of the heart and striated 
muscles is presented. 


Case 5 (J. G., autopsy 3185).—-The patient was a white man. The onset 
of symptoms was at the age of 6, in 1908. He was admitted to the hospital in 
1916 and succumbed in 1917, at the age of 16 

The heart weighed 205 Gm. All of the measurements were within normal 
limits. The coronary arteries were widely patent. The myocardium was pale, 
flabby and friable. The valves were thin and delicate except for the aortic valve, 
which contained a few atheromatous plaques 

Microscopic examination of the heart did not reveal any fat in the scarred 
areas of the myocardium, and only a rare muscle fiber was vacuolated (fig. 1 &) 
Other histologic changes were similar to those of the preceding cases. 

The skeletal muscles had changes typical of muscular dystrophy. 

The anatomic diagnoses were progressive muscular dystrophy with involvement 
of the myocardium, hydrothorax, hydropericardium, ascites and atelectasis of 
the lower lobes of both lungs 

Case 6 (H. B., autopsy 3230).—A white boy, whose onset of symptoms was 
at 2 years of age, was admitted to the hospital in 1909 and died in 1918, at the 
age of 18 

The heart weighed 220 Gm. The measurements were within normal limits 
Within the myocardium there were patchy, gray scars. The epicardium and 
the endocardium appeared normal, but examination of microscopic preparations 
disclosed the fact that the epicardium was thickened by fibrous tissue and the 
covering mesothelial cells could not be identified The subepicardial fat was 
sparse, and the coronary arteries were normal. Large myocardial scars were 
present, entrapping small segments of muscle fibers (fig. 1 F) 

The skeletal muscles revealed the typical lesions of progressive muscular 
dystrophy (fig. 9) 

The anatomic diagnoses were progressive muscular dystrophy with involvement 
of the myocardium, and terminal focal pneumonia 


COMMENT 
\ll six patients in this series were males. In all but one (case 3) the 
onset of the disease was before the age of 8 years. In case 3 the onset 
was in early adult life. These features confirm the well known fact 
that this condition is predominantly a disease of young males 
\ family history of muscular dystrophy was present in four of the 


six cases. Of interest was the fact that although there was no family 


history of dystrophy in case 3 there was consanguinity for two gen- 
erations 

[wo of the patients (cases 2 and 3) experienced transient episodes 
of irregularities of cardiac rhythm, but the other patients had neither 
signs nor symptoms of heart disease. The cardiac status of the other 
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+ patients could not be evaluated satisfactorily because of a ‘ack of 
clinical data. Electrocardiograms were not made in any of the cases. 

Cyanosis of hands and feet was observed in cases 1 and 2 and of 
the “dependent parts” in case 3. The etiologic basis of the cyanosis 
was not established in the former two cases, but the condition may 
have been part of generalized trophic change, since both patients were 
bedridden. In the latter case the cyanosis was on an arteriosclerotic 
basis 

rhe duration and the severity of the alterations of skeletal muscle 
seemed to bear no relation to the severity of the myocardial lesions 
rhe dystrophic changes in the skeletal muscles varied from case to 
case, whereas there was less variation in the severity of the myocardial 
lesions 

The following general description may be given of the heart involved 
in progressive muscular dystrophy. The epicardium is usually normal 
Che coronary arteries are not implicated, but a few small atheromatous 
plaques may be present. The myocardium either is scarred in an 
irregular, patchy manner or is diffusely yellow-brown. The ventricular 
endocardium may be slightly thickened. The valves are not involved 
Throughout the myocardium there are areas of scarring which tend 
to divide the muscle fibers into individual fasciculi and muscle fibers 
are present singly or in groups within many of the scars. The entrapped 
muscle fibers undergo various changes: vacuolation, fragmentation. 
hypertrophy, shrinkage and phagocytosis. Isolated muscle fibers with 
similar changes are found in the better preserved portions of the myo- 
cardium. The fat content of the scars is variable. There is edema of 
the stroma of the unscarred myocardium, with an occasional lymphocyte 
or macrophage between the separated collagen fibers 

\n additional feature worthy of note was the dystrophic changes in 
the tongue, found in the two cases in which this organ was exaimined 
Reports of this have been rare,* probably because the tongue is not 


commonly examined at necropsy 





SUMMARY 


Dystrophic myocardial changes were present in six of 11 cases of 


progressive muscular dystrophy in which necropsy was done The 


esions resembled those found in skeletal muscle 

lhe cases were equally divided between the simple and the pseudo- 
hypertrophic types ol dystrophy 

Transient cardiac arrhythmias were noted in two of the six patients 
with mvocardial lesions 


Mr. Antol Herskovitz prepared the photomicrographs 
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CANDIDA AND ASPERGILLUS ENDOCARDITIS 


With Comments on the Role of Antibiotics in Dissomination of Fungus Disease 


MAJOR LOKENZ E. ZIMMERMAN 
MEDICAL CORPS, UNITED STATES ARMY 


HE DEVELOPMENT of mycotic endocarditis secondary to a 

wound infection and apparently stimulated by the constant adminis- 
tration of penicillin first excited my interest in dissemmated fungus 
disease. This was strengthened by Dr. Sidney Farber’s subsequent 
report of a case of disseminated moniliasis, which occurred in a child 
with leukemia during the administration of antibiotics." As a result, a 
study of disseminated moniliasis, aspergillosis and mucormycosis was 
carried out at the Armed Forces Institute of Pathology, and from this 
material three cases of mycotic endocarditis have been selected for 
presentation. Two of these are examples of the dissemination of mycotic 
disease during the course of antibiotic therapy, a phenomenon which 
probably will become more frequent with the increasing use of new 
therapeutic agents 

\s a cultural diagnosis was established in only one case, the others 
presented problems in identification of the fungus. A preliminary con 
sideration of differential points involved in the identification of these 
fungi as they are seen in tissue sections by the histopathologist will lead 
to a clearer understanding of the problems presented by these cases. In 
the material studied it was evident that at least five different genera of 
fungi may at times be easily confused wrth one another. These are 
Candida (Monilia), Aspergillus, Mucor, Cryptococcus (Torula) and 


Histoplasma, Cryptococcus neoformans and Histoplasma capsulatum 


may be eliminated from consideration if mycelial structures are demon- 
strable Usually the mycelia of Candida, Aspergillus and Mucor are 


readily seen in preparations stained with hematoxylin and eosin, but 


From the Laboratory Service, Walter Reed General Hospital, and the Armed 
Forces Institute of Pathology 

Presented in part at the meeting of the College of American Pathologists, 
Washington, D. C.. May 9, 1950 

1. This case was presented by Dr. Farber at the Seminar on Pediatric Pathol 
ogy held by the American Society of Clinical Pathologists, in Chicago, Oct. 15 
1949. Sections from the case (Armed Forces Institute of Pathology accession no 
264305) are seen in figure 1D and E 

2. Baker, R. D South. M. J. 38:272-276, 1945 
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sometimes Gram or Bauer stains will demonstrate mycelium that is not 
noted on either hematoxylin and eosin or Giemsa stained slides. More 
frequently the mycelium is present but so faintly stained that it may be 
overlooked. These technical difficulties accounted for misdiagnosis in 
one of the cases to be presented. When hyphae are not demonstrated, 
the diagnosis is likely to be cryptococcosis or histoplasmosis. In these 
two diseases the organisms are usually easily recognized in tissue sec 
tions. Cryptococcus neoformans is a rather large budding yeast that 
olten can be shown to have a thick, refractile capsule but never mycelium 
In tissue sections a halo about the yeast indicates the capsule (fig. 1 4) 
lhe organism is usually found free in tissue, excites relatively little tissue 
reaction and almost never provokes suppuration Histoplasma capsu 
latum is a smaller organism that is found in the cytoplasm of the 
histiocyte, often throughout the reticuloendothelial system (fig. 1B). 
It, too, does not provoke suppuration.’ In tissue the absence of mycelium 
and the lack of suppuration differentiate these organisms from species of 
Mucor, Aspergillus and Candida. Mucor may be readily distinguished 
from Candida and Aspergillus by its very characteristic mycelium.* The 
hyphae are large and very long, with lateral branches. The most impor- 
tant distinguishing features are the lack of septation and the marked 
irregularity of width due to areas of swelling and constriction (fig, 1 C). 
More difficulty is experienced in differentiating Candida from Asper 
gillus. Both have septate hyphae and are more regular in contour than 
Mucor. Candida tends to have considerably smaller hyphae with less 
lateral branching and more uniform staining (fig. 1D). Small rounded 
spore forms are usually present in large numbers (fig. 1 E). The hyphae 
of Aspergillus are larger than those of Candida and show more lateral 
branching. Spore forms are usually not seen in tissue (fig. 1 F) 

Mycelial growth is also seen in the “sulfur granules” of Actinomyces 
ind the tissue growth of Nocardia. These, however, are very much 
smaller hyphae, the size of large bacteria, and spores are never present 
(fig. 1G) 

With this orientation I should like to present three unusual cases 
f disseminated fungus infections 

REPORT OF CASES 


docarditis due to Candida guilliermondi” The patient was a 38 


vornan. who had been addicted to herom for five years. She was 


D Arch. Path. 44:459-466, 1947 
. mm Golden, A. and Haymaker, W Bull. lohns Hopkins 
Hosp. 73:405-420, 1943 


5. This case was previously mentioned in a report trom the United States 


Public Health Service, entitled “Mycotic Endocarditis,” the organism being iden 
! W. Emmons (J. A. M. A. 1919:333-336, 1942 It is reported 
{ Prof. Roger M. Choisser and Dr. Thomas M. Peery, of 


niversity School of Medicine 
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Fig. 1 1, Cryptococcus neoformans in adrenal gland. The large yeast cells 
are surrounded by a clear halo, which represents the capsule. No mycelium is 
formed. A. F. IL. P. accession no. 170021. Bauer stain; «x 435 

B, Histoplasma capsulatum in lymph node. The small yeast cells are typically 
crowded together in large phagocytic cells, and there is no mycelium. A PLP 
accession no. 190797 Hematoxylin and eosin stain; x 435 

C. mucormycosis of lung. The hyphae are very large and nonseptate, and 
show marked irregularity of contour, with lateral branching. Yeast cells are not 
present. A. F. L P. accession no. 218946. Bauer stain; « 525 

D, Candida in kidney. Budding yeast cells and septate mycelium are seen. The 
hyphae are relatively small, show ‘end to end growth with little latera) branch- 
ing. A. F. IL. P. accession no. 264305. Bauer stain; x 525 

E. same as 1D, showing organisms predominantly in yeast phase. Baver stain; 
x 395 

F, pulmonary aspergillosis. The hyphae are larger than those of Carvlida but 
smaller than those of Mucor. Like that of Candida, the mycelium is septate but 
shows more lateral branching. The rounded forms are not spores but are hyphae 
cut transversely \. F. L. P. accession no. 232320 tauer stain; 

“sulfur granule” of actinomycosis The filamentous Fi ay are much 
than those of Cand lida are Aspergillus, and spore forms are never seen 
P. accession no. 1672 525 
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admitted to Gallinger Municipal Hospital on Aug. 14, 1939, with a history of 
obstipation, hemorrhagic spots on the palms, and chills and fever of two days’ 
duration. For three weeks preceding admission she had noted numbness, stiffness 
and pain in the right leg, cramping abdominal pain, nausea and vomiting 

On admission her temperature was 190.2 F., pulse rate 130, respirations 24 and 
blood pressure 130 systolic and 84 diastolic Petechiae were present in the palms 
and mail beds. There was a loud presystolic murmur. The abdomen was tender 
and rigid. Her course was characterized by persistent fever, with a temperature 
of 101 F., and abdominal pain and vomiting were the major complaints. Occult 
blood was present in vomitus and stools \ Candida was isolated from the blood 
and identifed as C. guilliermondi by Dr. C. W. Emmons. Nine days after admis 
sion the abdominal pain became more intense and the patient went into shock. She 
died 12 hours later 

\t autopsy a huge, fungating vegetation, measuring 2 by 5 cm., involved about 
two thirds of the circumference of the mitral valve. There was evidence of under- 
lying rheumatic disease, with fusion of the leaflets and fibrosis of the chordae tendi 
neae, but the heart weighed only 250 Gm. Embolization of the mesenteric vessels 
had occurred, with infarction of the ileum. Five small perforations and generalized 
peritonitis were noted, Infarcts of the spleen and the kidneys were also present 

Sections of the vegetation revealed that it was engrafted on a thickened, sclerotic 
mitral leaflet (fig. 2). Its entire bulk was composed of fungus elements and an 
acellular hyaline substance in which no inflammatory cells were seen 4 thin 
layer of fibrin and leukocytes capped its surface. On low power examination the 
vegetation had a striking foliate pattern, due to the undulating manner of growth 
of the fungus at the periphery. High power examination of hematoxylin and eosin 
sections showed faintly staining mycelium and an abundance of small spores. With 
the Bauer stain, hyphae were seen to better advantage, although small rounded 


spores predominated (fig. 2 B) The mycelium was typical of Candida with 


respect to size, septation and end to end growth with little lateral branching 
Case 2 (“Aspergillus endocarditis”) \ 25 year old white soldier, on April 
16, 1946, fell from a train, sustaining multiple injuries, the most significant of 
which was partial amputation of the left leg The leg was surgically amputated 
below the knee the same day, and use of penicillin was started. The next day roent 
genograms revealed a fractured scapula. There was a 4 inch (10 cm.) retraction of 
the skin at the site of amputation. The stump remained edematous, foul smelling and 
seminecrotic. On April 25, amputation above the knee was performed. Cultures 
revealed gram-positive and gram-negative rods and gram-positive spore-forming 
rods. Low grade fever persisted in spite of transfusions and penicillin. A month 
later pain developed in the stump and in the lumbar region \ temperature of 99 
persisted. On May 26 right popliteal embolism occurred At this time 
fro murmur could be heard over the entire precordium The unusual 
ie of 130 systolic and 15-0 diastolic was recorded. Papaverine hydro 
given, and paravertebral sympathetic blocks and embolectomy were 
administration of penicillin was continued. On June | his temperature 
104 F., and signs of vascular insufficiency of the right leg appeared. Systolic 
ustolic murmurs were heard, and there was a systolic precordial thrill. Blood 
<i no growth The spleen became palpable on June 4. Venous 
a gallop rhythm appeared the next day. On June 6 the patient went 

came irrational and died 

again revealed the enormous spherical vegetations which seem to be 


‘ 


i mycotic endocarditis (fig. 3 4) These vegetations, which were 
5 


consistency and measured up to 2.5 cm. in diameter, involved predominantly 


the right cusp of the aortic valve They also extended onto the adjacent mem 
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Fig 2 (case 1).—A, Candida guilliermondi endocarditis of mitral valve. Note 
the foliate pattern of growth. A. F. I. P. accession no. 292649. Hematoxylin and 
eosin stain; x 10 

B, same as A. The majority of the organisms are in the yeast phase. Eosin 


azure stain; & 525 





IRCHIVES OF PATHOLOG) 





1, Aspergillus endocarditis. These vegetations on the aortic 
arrow indicates the site of 


+} (case 2) 
of large size and spherical contour. The 
which penetrated through the membranous portion of the interventricular 
Walter Reed Negative 7292. A. F. I. P. accession no. 190959 
getation on aortic valve. Hematoxylin and eosin stain; x 7 
rge vacuolated septate hyphae, tightly packed, without inflammatory cells 


355 


trom an aortic vegetation. Bauer stain; x 
Candida, stain 


wer view of hyphae They are larger than those of 
1500 


and show more lateral branching. Bauer stain; » 
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branous portion of the interventricular septum. Ulceration had penetrated through 
this portion of the septum, creating a passage 4 by 1 mm. A vegetation had also 
formed on the septal cusp of the tricuspid valve. The heart weighed 385 Gm. There 
was evidence of renal embolization. A recent hemorrhagic infarct was present im 
the right kidney, and several small, older lesions were seen in the left kidney 

Microscopically the aortic valve cusps showed intense fibroblastic proliferation 
with the presence of typical Anitschkow myocytes. A zone of advanced edematous 
degeneration of the valvular connective tissue was present. In the area where the 
vegetation was attached, there were acute collagenous necrosis and intense mobiliza 
tion of segmented granulocytes. As in case 1, the vegetation was composed of 
a massive fungous growth with a foliate pattern (fig. 3B). In this case, however, 
most of the growth was composed of septate mycelium, larger in size than that 
in case 1, while spore forms were much less numerous (fig. 3C and ))). Bauer’s 
stain was helpful in demonstrating the typical lateral branching of Aspergillus 

In the myocardium, foci of interstitial myocarditis were seen. In the kidney, 
ischemic infarcts were present. About these there were small arteries containing 
emboli. An exudate of segmented granulocytes was noted in the lumen, while 
histiocytic proliferation, with formation of giant cells of the Langhans type, 
occurred in the vessel walls. Some of these histiocytic cells contained fragments of 
hyphae 

Case 3 (“Aspergillus endocarditis”)—A 32 year old white woman was hos- 
pitalized for two weeks in July 1947 because of fever, nausea, and easy fatigability 
No diagnosis was established, and subsequent to her discharge pain developed in the 
epigastric region and the left upper quadrant of the abdomen. In August she was 
hospitalized again, for three weeks, because of fever of undetermined origin 
Numerous blood cultures were negative. Penicillin and sulfadiazine were given, 
without response. In November she had an episode of pain in the flank with 
lever 

On Jan. 17, 1948 she noted numbness of the right leg. Ten days later this became 
more severe and she was again admitted to the hospital. There were signs of 
embolism of the right leg. Harsh apical aortic murmurs were heard. The liver 
was enlarged and the spleen tender. In spite of 42 negative blood cultures during 
this stay in the hospital, the patient was treated intensively for bacterial endocardi 
tis, receiving 84,000,000 units of penicillin, without response. Streptomycin was 
also given, without benefit. On June 23 signs and symptoms of left femoral 
embolism appeared. Her condition continued to deteriorate. On August 14 she 
awoke coughing and dyspneic, and died suddenly 

The heart revealed the residua of old rheumatic disease but, as in case 1, there 
was no evidence of functional impairment, as the weight was only 275 Gm. In 
addition to the old process, the aortic valve showed perforations of the right 
anterior cusp and friable, grayish vegetations of the right anterior and posterior 


cusps The latter were large and lobulated and measured 2 by 2.5 cm (fig. 4.4) 


Extensive embolization had occurred. A firm, gray to red, lamellated thrombus 

filled the terminal 2 cm. of the aorta and both common iliac arteries. Extensive 

infarction of the right kidney, both adrenal glands and the spleen were found 
Hematoxylin and cosin as well as gram-stained sections of the vegetations 


howed only mimute spores, which originally were interpreted as Histoplasma 


capsulatum (fig. 4B) With the Bauer stain these spores appeared much large 
and showed great variation in size and shape. Although spore forms predominated 
in which branching septate hyphae were developing could also be found, indi 


Aspergillus infection (fig. 4C). Sections of the infarcted adrenals, how 
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(case 3) 1, Aspergillus endocarditis of aortic valve 
1. 204556. Bauer stain; x 6 


small yeast cells with no visible mycelium. Gram stain; x 435 


Aspergillus showing many more organisms, including definite mycelial ele 
The spore forms are much larger than those of Candida; compare with 
figure | tauer stain; « 435 
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ever, revealed only spore forms. These showed a striking tendency to be clumped 
together within the cytoplasm of large mononuclear cells, further simulating H. 
capsulatum 


PROBLEMS IN DIFFERENTIAL DIAGNOSIS 


lypical Candida and Aspergillus organisms are easily recognized by 
the criteria previously given. Difficulty arises when mycelial filaments 
either are not visible, owing to staining difficulties, or are not recognized 
Thus in another case studied the failure to recognize mycelium led to a 
diagnosis of cryptococcosis, while in case 3 the mycelium was not visible 
in the original slides submitted. 

\ second source of difficulty involves morphological variation in the 
mycelial structure. Variations in size, type of branching and degree ot 
septation, especially when the organisms are not abundant, may make 
accurate diagnosis impossible. 

\ third problem is centered about the presence of spores in addition 
to hyphae. In some reported cases of aspergillosis a number of photo- 
micrographs which are captioned as showing spores actually show only 
hyphae cut in cross section. In most instances spores are not seen in 
deep-seated mucormycosis or aspergillosis, although they are usually 
recognized in surface lesions. Candida infections, on the other hand, 
usually include large numbers of spores—even in deep tissue. In case 
3 the large number of Aspergillus spores and the absence of hyphae in 
the adrenal are considered unusual 

\nother confusing feature in some cases of aspergillosis is the pres 
ence of “actinomycetoid bodies” resembling the sulfur granules of 
actinomycosis and mycetoma.* High power examination, however, 
reveals the filaments to be much larger than those of Actinomyces and 
Nocardia. According to Henrici,’ actinomycetoid forms are a mani- 
festation of hypersensitivity appearing in the later stages of the disease 

The obvious conclusion is that all too frequently an unequivocal 
diagnosis cannot be made on the basis of morphological evidence in tissue 
sections. Weed and Dahlin *® properly emphasized the need for bacteri 
ologic and mycologic examination of tissue specimens. In only one of 
the three cases presented here was a cultural diagnosis established. In 
the other two the specific mycologic diagnosis is only probable, and 
cultural studies would have been necessary to establish a definitive 
diagnosis 


One tried and useful procedure for routine handling of autopsy and 
surgical specimens is that suggested by Littman.* A duplicate portion 
of a given lesion is placed in a sealed sterile container in the refrigerator 


at 0 zero C. If pathological examination reveals the lesion to be of 


6. Weed, L. A., and Dahlin, D. C Am. }. Clin. Path. 20:116-132, 1950 
7. Henrici, A. T J. Bact. 30:113-138 1940. 


8. Littman, M. L Personal communication to the author 
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infectious origin, appropriate cultural studies may then be performed on 


the refrigerated sample. This method circumvents unnecessary culturing 


of all specimens, an impossible task in most laboratories. 


\nother suggestion for the clinical pathologist and bacteriologist is 
in regard to the finding of “nonpathogens” or “contaminants” in 
cultures. It seems not unlikely, for example, that among the very large 
number of “negative blood cultures” in case 3 some may have yielded 
aspergilli. Such a finding, especially if repeated, in a case of endo- 
carditis (or any other infectious process) in which the condition is not 
responding to adequate antibiotic therapy should create at least a 
suspicion of the correct diagnosis. 


ETIOLOGIC FACTORS 


Antibiotic and Chemotherapeutic Drugs.—It is well established that 
none of the antibiotics are effective against these fungi. Actually the 
reverse appears to be the case.° Foley and Winter,”” working in Dr. 
Sidney Farber’s laboratory at the Children’s Medical Center in Boston, 
have demonstrated that penicillin enhances the growth and pathogenicity 
of Candida stellatoidea and Candida albicans. 

Dr. Farber *° and his associates at the Children’s Hospital in Boston 
have had a remarkable experience since the introduction of antibiotic 
therapy. They have observed seven cases in which disseminated 
moniliasis occurred in children who were being treated with various 
chemotherapeutic agents for other diseases. The majority received both 
penicillin and aureomycin. In five instances the original disease was 
leukemia, and in each of these cases the primary site of moniliasis was 
the esophagus or the intestine. Most of these children showed widespread 
fungus infection at autopsy. The fact that no similar cases were observed 
prior to 1946 definitely implicates the newer antibiotic and chemo- 
therapeutic agents in the genesis of these mycotic infections. These most 
interesting cases will be reported in detail by Dr. Farber and his 
associates 

\nother case in point is that of Geiger and co-workers."' Their 
patient had twice been successfully treated with penicillin for bacterial 
endocarditis. During the second illness, while penicillin was being given, 
folliculitis” of the scalp developed. Though the bacterial infection 


was brought under control, a fatal C. albicans endocarditis ensued 


9%. (a) Campbell, C. C.. and Saslaw, S Proc. Soc. Exper. Biol. & Med 
70: 562-563, 1949. (h) Foley, G. E., and Winter, W. D J. Infect. Dis. 85: 268 
274, 1949 

10. Farber, S Personal communication to the author 

11. Geiger, A. J.; Wenner, H. A.; Axilrod, H. D.. and Durlacher, S. H 
Yale J. Biol. & Med. 98:259-268, 1946 
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Case 2 is another which supports the thesis that penicillin increases 


the virulence of certain mycotic infections. The soldier received penicillin 
from the day of his injury to that of his death, and yet he was usually 
febrile and became progresstvely worse. In case 3 the condition of the 
patient steadily deteriorated in spite of prolonged administration of 
penicillin and streptomycin. It is not inconcetvable that in these two 
cases the antibiotics may have permitted localized mycotic lesions to 
become disseminated. In this connection the case of generalized asper- 
gillosis reported by Cawley ™* is of interest. The child, who died at 8 
years of age, had experienced repeated episodes of pulmonary asper- 
gillosis due to Aspergillus fumigatus, presumably since the age of 2 
weeks. Although at the age of 4 years he had pleural effusion and 
osteomyelitis of a rib, it was only after treatment with sulfonamide drugs 
and penicillin that dissemination occurred. Autopsy revealed abscesses 
at numerous sites (brain, dura, heart, lungs, mediastinum, lymph nodes, 
spleen, liver, right kidney and right ankle) from which A. fumigatus was 
isolated by cultural technics. 


The recently zeported case of Grekin, Cawley and Zheutlin “* 


may 
also be related to antibiotic therapy. A 22 year old man had influenzal 
symptoms for which he was given penicillin. He became more severely 
ill and expectorated thick, purulent sputum. Another complaint was a 
sore mouth, and the oral mucosa was reddened and covered with a patchy 
exudate. An eruption of the erythema multiforme type was also present. 
Sulfadiazine, aureomycin and streptomycin were given in that order, 
but his condition became steadily worse. The disease process dissemi 
nated, and at autopsy fungi, both spores and hyphae, were found in 
various tissues (brain, myocardium, iung, thyroid, duodenum and 
kidney). Cultures of pulmonary tissue revealed a pure growth of A 
fumigatus 

Just how the antibiotic drugs stimulate the growth of fungi is not 
completely understood, although there is evidence that stimulation occurs 
Besides this growth-enhancing effect there is the possibility that a 
growth-restraining substance normally produced by the natural bacterial! 
flora of the intestine is lacking. It is known that at least some of the 
sulfonamides, streptomycin, aureomycin and chloromycetin® serieusly 
alter the intestinal flora. 

Bone Marrow Depressants.—By interfering with the cellular defense 
mechanisms, marrow-depressing drugs may also be etiological factors in 


some of these infections. It is interesting to note the frequency of 


12. Cawley, E. P Arch. Int. Med. 8@:423-434, 1947 
13. Grekin, R. H.; Cawley, E. P., and Zheutlin, B Arch. Path. 49: 387 


1950 
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oropharyngeal moniliasis in patients receiving anti-folic-acid drugs. 
Furthermore, in five of the seven cases in which Farber found dissemi- 
nated moniliasis the patients were children who were being treated for 
acute leukemia with these drugs.*® A similar case was mentioned by Dr 
E. C. Rice in the paper which he read before the Washington Society of 
Pathologists April 1, 1950. 

Lesions of Mucous Membranes.—It seems not unreasonable to 
assume that pathologic conditions of mucous membranes from various 
causes may be associated with a sharp diminution of resistance to micro- 
bial invasion. Evidence is accumulating which suggests that fungi which 
ordinarily have but little invasive power may infect lesions of mucous 
membranes and even penetrate the mucosa to gain access to underlying 
lymphatics and blood vessels. A variety of mucous membrane lesions 
may thus set the stage for moniliasis. Hewitt and Williams ** recently 
reported that in six patients receiving chloromycetin® a dark brown 
discoloration of the tongue developed ; culture in three instances revealed 
C. albicans 

Orally given streptomycin, aureomycin and = ch loromycetin* 
(chloramphenicol ) result in sterilization of the bowel, the stools becoming 
soft and odorless.'® A complication of this alteration of intestinal flora is 


the development of avitaminoses consequent to the removal of vitamin- 


synthesizing bacteria. Mucous membrane lesions on a vitamin deficiency 


basis (especially ariboflavinosis) may therefore appear suddenly and 
may account for the rectal burning ** and diarrhea’ which some 
patients experience. Genital lesions apparently due to estrogen deficiency 
may also appear, and these, too, are readily infected by Candida 

In the leukemic patient, mucous membrane lesions of two additional 
types have been observed in the alimentary tract : hemorrhagic ulceration 
incident to administration of folic acid antagonists,"* and leukemic 
infiltration. Leukemic infiltrations compromise the blood supply of the 
mucosa, resulting in necrosis. If the intestine is sterilized with respect 
to its bacterial flora, mycotic infection of these necrotic foci may become 
clinically important. Such a sequence of events is suggested by the fact 
that in each of Farber’s leukemic patients with disseminated moniliasis 
the portal of entry was the alimentary tract 

Diabetes —This disease is usually thought of as a predisposing factor 
in moniliasis of the skin and genitalia. It also appears to be a constant 

14. Hewitt, W. L., and Williams, B., Jr New England J. Med. 242:119-127, 
1950 
15. (a) Spink, W. W., and Yow, E. M J. A. M. A. 241:964-966, 1949. (b) 
Harris, H. } Ibid. 142:161-164, 1950. (c) Hewitt and others.'* 

16. Sturgis, C. ( J. A. M. A. 141:969-973, 1949 
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feature of mucormycosis of the central nervous system.'* In disseminated 
moniliasis and aspergillosis, however, diabetes has not seemed important. 

Age.—Figure 5 shows an even distribution of cases of disseminated 
moniliasis, and the over-all effect of age in this collected series is regarded 
as unimportant. It must also be recalled that seven of the 13 cases 
charted in the first two decades are those from the Boston Children’s 
Hospital. Of necessity, these cases were drawn from a select population, 
and the relative importance of age as compared with other factors is 
considered minimal. 

Debility.— Another predisposing factor often mentioned is debility ; 
yet study of the reported cases fails to show that disseminated moniliasis 
is usually a complication of debilitating diseases. 


Drug Addiction.—Persons who inject heroin hydrochloride intra- 
venously are especially susceptible to endocarditis. Wikler and 


o-2 it-80 21-30 n.-40 “1-50 o-60 70 T1-80 


DECADES 


Fig. 5.—The age distribution of the patients in 35 cases of disseminated moniliasis 
is charted according to decades. The criterion of dissemination in these collected 
cases is the presence of Candida in an organ to which access could be gained only 
by way of the blood stream. Cases of generalized cutaneous, oropharyngeal, 
bronchopulmonary, gastrointestinal and genital moniliasis were, therefore, excluded 


co-workers ** in 1942 reported that in a two year period mycotic endo 
carditis had been recognized in five drug addicts. Most interesting is the 
fact that in each instance the organism was reported to be a “non 
pathogen.” Candida parakrusei was isolated four times, while in the 
fifth case (case 1 of this report) the organism was C. guilliermondi. 
Metastasis—In a number of the reported cases primary oropharyn- 
geal moniliasis metastasized to a distant organ. Metastasis had occurred 
in most of the cases in which the lesions were meningeal and cerebral, 
and in each instance, when the species was identified, the orgamsm was 
17. Le Compte, P. M., and Meissner, W. A Am. J. Path. 23:673-0:77, 1947 


Stratemeier, W. P. I Arch. Neurol. & Psychiat. 63:179-180, 1950. Gregory 
and others.* 


18. Wikler, A.; Williams, E. G.: Douglass, FE. D.;: Emmons, C. W., and 
Dunn, R. ¢ J. A. M. A. 299:333-336, 1942 
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C. albicans.” In other cases, however, it appears that isolated infections 
developed without any apparent superficial focus.*” 


PREVIOUSLY REPORTED CASES 


It is not within the scope of this paper to review the previously 
reported cases of disseminated mycosis due to Candida and Aspergillus. 
With respect to endocarditis, four reported cases of Candida endocarditis 
are acceptable,”* and two other unpublished cases were referred to in 
the report of Wikler and associates.’"* Several possible, but not accept- 
able, cases have been reported.** No published cases of Aspergillus 
endocarditis were found. Ocular moniliasis leading to blindness and 
enucleation occurred in Miale’s'** case, the patient dying four years 
later of meningitis 


EXPECTATIONS FOR THE FUTURE 


The potential danger of prolonged antibiotic therapy for a patient 
who harbors a focus of fungus infection has already been discussed. This 
danger increases as new antibiotics and oral preparations are introduced 
and their cost lowered by mass production. By the same token, such 
toxic drugs as nitrogen mustard and anti-folic-acid compounds that have 
gained widespread use may be expected to result in an increased 
incidence of unusual infections, beth bacterial and mycotic. The clinical 
pathologist can no longer disregard certain organisms which in the past 
he has been able to dismiss as contaminants. The anatomic pathologists 
must famiharize themselves with the varied forms of different fungi in 


tissue sections and the equally varied tissue responses to these organisms 


SUMMARY 


This presentation has been based on a study of three cases of 
disseminated mycotic disease which illustrate the difficulties of differ- 


entiating Candida, Aspergillus, Mucor, Cryptococcus and Histoplasma 


19. (a2) Smith, L. W., and Sano, M. I J}. Infect, Dis. $3:187-196, 1933 
(bh) Nussbaum, S Sass, J. A. E., &nd Rascoff, H Arch. Pediat. §8:689-693, 
194] c) Miale, J. B Arch. Path. 38:427-437, 1943. (d) Morris, A. A.; Kalz 
G. G., and Lotspeich, E. S Arch. Neurol. & Psychiat. 54:361-366, 1945. (¢) 
Zimmerman, S. L.; Frutchey, L., and Gibbes, J. H 1. A. M. A. 185:145-147 
1947 

20. Halpert, B., and Wilkins, H J. A. M. A. 280:932-934, 1946 

21. Joachim, H., and Polayes, S. H J. A. M. A. 228§:205-208, 1940. Geiger 
and others Wikler and others.’* Pasternack, J. G Am. J. Clin. Path. 12:496 


505, 1942 


22. Friedman, N. B., and Donaldson, | Arch. Path. 27:394, 1939. Sachs, 
i South. African M. J. 15:456-458, 1941. Cassels, D. E., and 
Am. J. Dis. Child. 67:128-138, 1944 
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as they appear in tissue sections. In one case the causative organism 
was a Candida; in the other two, Aspergillus. 

Variations in staining qualities and morphological features often 
confuse the histopathological diagnosis of fungus disease, and accurate 
identification depends on cultural studies. 

Factors of importance in the genesis of these infections include the 
administration of antibiotic drugs and marrow depressants, drug 
addiction and metastasis of superficial lesions. 


Dr. M. L. Littman, formerly of the Tulane University School of Tropical Medi- 
cine, gave valuable advice regarding the mycologic aspects of these cases and 
helpful suggestions during preparation of the manuscript 











EFFECT OF CHORIONIC GONADOTROPIN ON THE TRANSI- 
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PTCOHE DEVELOPMENT of the mouse adrenal cortex has been 

extensively investigated \ transitory zone of close packed fuch- 
sinophilic cuboidal cells bearing some points of sinnlarity to the human 
fetal adrenal cortex is regularly seen between the adult cortex and medulla 
at birth, which disappears with pregnancy in the female mouse and with 
puberty in the male mouse. Estrogens administered to the mice are 


without effect, and androgens cause prompt disappearance of the transient 


zone. A variety of other hormonal products are without significant histo- 
logical ettect 

In the human subject a fuchsinophilic reaction of the fetal cortex has 
been reported in the eighth to twelfth week of life,’ at the time when 
“anterior pituitary—like” substances are at their peak in the maternal 
urine.’ It was felt that the effect of such substances on the fuchsinophilic 


transitory zone of the mouse adrenal was worthy of study 


From the Department of Pathology, Harvard Medical School and the Harrison 
Department of Surgical Research, University of Pennsylvania School of Medicine. 

l. (a) Masui, 7 Japanese J. Zool. 1:55, 1924. (6) Howard, E.: Am. J 
Anat. 40:251, 1927 (c) Science 60:406, 1929 (d) Anat. Rec. 46:93, 1930; 
(¢) Am. J. Physiol. 120:36, 1937; (/) 223:105, 1938 (g¢) Deanesly, R Proc. 
Roy. Soc. s. B, London 108:523, 1928; (A) Nature, London 141:79, 1938 

2. (a) Deanesly, R.. and Parkes, A. S.: Quart. J. Exper. Physiol. 26:393, 
1937. (b) Gersh, L, and Grollman, A Anat. Rec. 7§:131, 1939. (c) Howard, 
f Am. J. Physiol. 120:36, 1937. (d) Martin, S. J Proc. Soc. Exper. Biol. & 
Med. 28:41. 1930. (¢) Burrows. H }. Path. & Bact. 43:121, 1936. (f) Clau 
sen, H. J Endocrinology 27:989, 1940. (q¢) Cramer, W., and Horning, E. S 
J}. Path. & Bact. 44:633, 1937. (h) Starkey, W. F., and Schmidt, E. C. H., Jr 
Fadocrinology 23:339, 1938. (i) Selye, H J. A. M. A. 118:2246, 1940 

3. Broster, L. R., and Vines, H. W. ¢ The Adrenal Cortex \ Surgical 
and Pathological Study, London, H. K. Lewis & Co., Ltd, 1933. Sudds, M. V. N 
Endocrinology 26:896, 1940. Zinsser, A. D., and Zinsser, H. H., to be published 

4. Browne, |]. S. L.. and Venning, FE. M.: Lancet 2:1507, 1936 
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Since the beginning of this work (1940), McPhail and Read * have 
reported the disappearance of the zone in mice given injections, over short 
intervals, of a variety of pituitary extracts, including the “anterior pitu- 
itary—like” substance derived from pregnant mare's serum, which is close 
to the “anterior pituitary—like placental substance (A.P.L.)” in its effects 
in mice. In other animals, administration of “anterior pituitary—like” 
substances had indicated stimulation of extragonadal sources of andro- 
gen. Even in the instance of the cow, the status of whose maternal 
placental “pituitary—like” hormones is in some doubt,"* elevated andro- 
gens in the newborn calves have been reported.” 

The association of fuchsinophilia of adrenal tumors of man and 
genital precocity and virilism would make any agent capable of diminish- 


ing the activity of such tissue of possible therapeutic value. Accordingly, 


work was begun with pregnant mice in an effort to affect the adrenal 
development of the fetuses in utero by the injection of antuitrin-S,* a con- 
venient commercial source of chorionic gonadotropin (“placental A.P.L. 
substance”). As Raynaud * had already discovered, most of the mice 
born to mothers treated with this substance were stillborn, and that, 
coupled with the difficulties of adequate sectioning of the adrenals, 
measuring 0.5 to 1 mm. apiece, led us to defer further injection to the 
postnatal period. In two litters brought successfully to term with daily 
injections of 0.1 cc. of antuitrin-S,* no significant histologic changes 
were noted in the adrenals. 


EXPERIMENTAL PROCEDURE 


Injections.—Inbred white mice, within 12 hours of delivery, were given daily 
intramuscular injections of chorionic gonadotropin (antuitrin-S*) according to 
the schedule shown in the table. The response to the larger quantities used was 
dramatic and drastic. The mice were prostrated, twitched and recovered only 
over several hours. Whether this was an anaphylactoid reaction to foreign pro- 
tein or a toxic reaction to the phenol used as a preservative was not determined 
It was felt, however, to be serious enough to necessitate a control series, which 
received sterile bovine albumin and phenol at doses of protein and phenol equivalent 
to those of the preparation of chorionic gonadotropin used. Daily injections were 
administered to some of the mice for as long as 140 days 

Materials Antuitrin-S® was bought from the usual commercial sources 
Analysis of lot 913240 showed a protein nitrogen content of 0.38 mg. per cubic 
centimeter, and that of lot 913472 a protein nitrogen content of 0.29 mg. per cubic 
centimeter,” and both lots were made up to 0.5 per cent phenol Accordingly, a 


5. McPhail, M. K., and Read, H. ( Anat. Rec. 84:75, 1942 

6. Ortiz, E.: Physiol. Zool. 20:45, 1947. Domm, L. V.: Sympos. Quant. 
Biol. §:24%, 1937. Price, D., and Ortiz, E.: Endocrinology 34:215, 1944 

7. (a)Aschhebn, S., and Zondek, B.: Klin. Wehnschr. 7:1404, 1928. (b) 
Womack, E. 8., and Koch, F. ¢ Proc. Second International Congress for Sex 
Research, London, 1930, p. 329 

8. Raynaud, A.: Bull. Biol. 72:297, 1938 

9. These assays were supplied by Parke-Davis & Company 
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preparation of bovine albumin was made up to contain 0.30 mg. of protein nitrogen 
per cubic centimeter and phenol (Merck) to 0.5 per cent, to be used as a control 
solution 

Methods.—These preparations were injected intramuscularly, with tuberculin 
syringes and no. 24 needles. The mice were killed by decapitation; their adrenals 
were removed promptly and fixed in 4 per cent formaldehyde solution U. S. P. 
neutralized with solid lithium carbonate. With unusually small adrenals, all glands 
from comparable mice of the same sex and litter were centrifuged together to form 
a pellet of tissue of a size that simplified dehydration and mounting in paraffin. 
Some of the larger glands were sectioned in part before fixation, after freezing 


for phenylhydrazine stains.” 


Summary of Experimental Observations on the Transitory Zone of the Mouse Adrenal Gland 


Mice Days 


ontrols Controls Mice Treated 
Injeetion) (Albumin-Phenol) with Antuitrin-8 * 


Female Male Femat Male Female 
A A . A ponent - “~ — Aptuitrin- 
S* in 
jntr 
national 
Units or 
Albumin 
Phenol 
Equivalent 
in). cted 
Daly 
oll 
021 
0.21, 


J 


Vacuolation 
Fuchsinc philia 
Vacuolation 
Vascularization 
Fuchs inophilia 
Vacuolation 
Vascularization 
Fuehsinc philia 
Fibrosis 
Vacuolation 
Vascularization 
Fibrosis 
Vacuolation 
Vascularization 
Fuchsinophilia 
Fibrosis 
Vacuolation 
Vasculariza 


1oOl 
101 
101 
+ ; : ; ; ‘ ; ; 201 


No data ———_—_—_—-—_ rn 201 
No data HI.T 
No data + + 20LvU 


* Registered trademark 


The fundamental stain used for evaluation of transitional zone changes was 


that developed by Vines,’ after 10 minutes of mordanting in 1 per cent dichromate 


Ponceau fuchsin 
\. 1% ponceau xylidine 
1% glacial acetic acid 
B. 1% acid fuchsin 
1% glacial acetic acid 


Two parts of A and 1 part of B are freshly mixed to make the stain. Sections 
are washed in distilled water, placed in ponceau fuchsin for three minutes, rewashed 
in distilled water, placed in 1 per cent phosphomolybdic acid, then stained for five 
minutes in saturated aniline blue in 2.5 per cent acetic acid, rewashed in distilled 
water, and differentiated in 1 per cent acetic acid, rewashed, dehydrated and 
mounted. With this technic, the transitory zone in the mouse adrenal uniformly 


retained acid fuchsin 


10. Bennett, H. S Am. J. Anat. 67:151, 1940 
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Estimating the effects on the relative size of the transitory zone was difficult. 
The zone occupies an eccentric position in the adrenal of the mouse, as it does 
in that of the opossum "*!; hence calculations based on a midgland se:tion are 
valueless. Serial section and volume calculation from measurement of individual 


cross sections presented many technical difficulties, particularly in small glands 


measuring up to 2 mm. in diameter. Reliance was placed primarily on the propor- 


tion of the total area of the transitory zone Where cells were in good preservation, 
without vacuolation and without connective tissue condensation. 

Concomitant changes were seen in gonads of mice receiving injections of the 
chorionic gonadotropin. Ovaries showed foilicular granulosal stimulation; testes 
showed interstitial hyperplasia with aspermia. All mice were functionally sterile 
as far as could be determined. 

At 40 days, the mice given injections of either the chorionic gonadotropin or 
the albumin-phenol solution weighed, on the average, 1 Gm. less than untreated 
controls maintained under comparable conditions 


RESULTS 

Che results are shown in the table. In generul, they may be summar 
ized to indicate that in the female the first phases of involution, vacuola- 
tion and extensive vascularization are markedly accelerated by injection 
of chorionic gonadotropin during the first 30 days of life. During 
the same period of injection the males and the albumin-phenol controls, 
both males and females, showed nothing more than slight hypertrophy 
of the true cortex. After 30 days the females given chorionic gonado- 
tropin showed a persistent late involutional phase, with a few fuchsino- 
philic cells persisting in the fibrous tissue matrix lying between the true 
cortex and the medulla. The males treated with chorionic gonadotropin 
in the period after 30 days showed more rapid involution than the 
phenol-albumin treated and the untreated controls, but by the end of 
60 days the two groups were indistinguishable. In all males, however, 
it was impressive that the involution, although slow to start, once started, 
was more rapid and complete than that in the females, in which remnants 


of transitory zone could be found as late as 140 days 


COMMENT 


It must be presumed that in general the mice became resistant to the 
effect of the chorionic gonadotropin through antibody formation, although 
the antigenicity of placental products of this type has been the subject 
of some disagreement.'? It would seem likely that the time of onset of 
antibody response to effective levels on continued daily dosage would 
lie in the second month when changes in the treated and the untreated 


groups are difficult to detect 


ll. Bourne, G.: Nature, London 134:664, 1934 


12. Sulman, F.: J. Exper. Med. 65:1, 1937. Rowlands, I. W., and Spence, 
W Brit. M. J. 2:947, 1939 
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The prominence of the early transitory zones of the adrenals of 


. ” . 
many species ** makes it seem likely that they are of importance to early 


life. It has been presumed that they secrete androgens, and the response 
which they make to hypophysectomy, to injections of androgens and 
gonadotropins,'* and to puberty in the male '* and their fuchsinophilic 
attributes ‘* tend to confirm this. The response to pituitary and “pitu- 
itary-like” substances might be thought to be a secondary effect, due to 
gonadal stimulation 

It is difficult to explain on this basis the rapid response of the female 
mouse as being due to ovarian stimulation when one realizes that estro- 
gens are ineffective,“* unless one grants androgen production to the 
ovary of the mouse.'’ It must be assumed that some source of androgen 
is present both in the male and in the female mouse, capable of stimula- 


tion at an age not commonly granted the gonads in rodents.’* The most 
likely source is the true adrenal cortex. Incomplete phenylhydrazine 
staining experiments, which should have shown increased ketosteroids 
in these mice if the true cortex were the site of extra androgen, failed to 
show any significant changes in the true cortex on injection of either 
a urinary extract containing the active placental substance or the albumin- 
phenol solution. It has been stressed many times, however, that stain- 
ing characteristics and the presence of inclusion bodies cannot be taken 
as conclusive evidence of secretory activity.’® 

rhe various phases of involution of the transitory zone observed in 
these stimulated mice, however, might well be attributed to exhaustion 
depletion rather than to inhibition of glandular activity caused by the 
administration of similar principles. The prompt return of the resting 
transitory zone in gonadectomized mice after puberty and pregnancy 
would argue more for previous overstimulation than inhibition.** The 
completeness of the disappearance in mature males, postpartum females 
and males treated with chorionic gonadotropin may well represent com- 
plete exhaustion atrophy in contrast to the incomplete resolution seen in 
the females in both control groups and in those given chorionic gonado 
tropin, where some intact cells and a wide zone of vacuolated cells and 
poorly condensed connective tissue persisted to the end of the 140 day 
period 


13. Hartman, F. A., and Brownell, K. A The Adrenal Gland, Philadelphia, 
Lea & Febiger, 1949 
14. Deane, H. W., and Greep, R. O.: Am. J. Anat. 79:117, 1946. Miller, R. A., 
Riddle, O Ibid. 74:311, 1942 
5. Whitehead, R J. Anat. 67:387, 1933. Howard.'* 
\.: Anat. Rec. 78:439, 1939. Howard."* 
Endocrinology 28:426, 1941. Groat, R Ibid. 32: 488, 


Moore, C. R., and Morgan, C. F.: Endocrinology 32:17, 1943. Selye.*! 
Severinghaus, A. FE. in Allen, FE Danforth, C. H., and Doisy, E. A 
and Internal Secretions, Baltimore, Williams & Wilkins Company, 1939 





1L—PLACENTAL EXTRACT OX IDRENAIL oll 


SUMMARY 


Che transitory. zone of the mouse adrenal has been studied in mice 
given injections of chorionic gonadotropin and contrasted with that of a 
group of controls given injections of nonspecific protein and a group of 
controls which received no injections. 

In the female the response to the injection of chorionic gonado- 
tropin is characterized by early rapid vascularization and vacuolation 


of the transitory zone, followed by long persistence of isolated cells 


In the male the response is somewhat more gradual but by the end 
of 60 days is more nearly complete than that in the female 

Che possible explanations for the observed results are discussed with 
particular reference to extragonadal sources of androgen, and exhaustion 
atrophy is suggested as an alternative mechanism for the involutional 


process seen 











RICKETTSIAE AND RICKETTSIAL DISEASES OF MAN: A SURVEY 
HOWARD TAYLOR RICKETTS AWARD LECTURE, 1950 
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BOSTON 


, / ‘HIS OCCASION is the second of a series in commemoration of 
the character and achievements of Howard Tavlor Ricketts lo 


follow immediately Drs. Ludvig Hektoen and Russell M. Wilder in the 
receipt of recognition for studies in the vastly important field first 
explored by Dr. Ricketts is a great honor which | shall always cherish 


Last year Dr. Wilder’ most appropriately chose for his subject 


rhe Rickettsial Diseases: Discovery and Conquest” and in his intro 
duction said 


Hereafter those who will be called on to fill this Ricketts lectureship will 


bring to it the fruits of personal efforts to advance the sciences on which medicine 


depends, and will receive this Ricketts medal as a token of fraternal association with 


him, m that band of laborers in God's harvest concerned with human welfare 


His felicitous phraseology is heartwarming to your lecturer today, who 
is not the least depressed by Dr. Wilder's next sentence—*Like 
Ricketts, ior he was only 39 years old when he died, they mostly will 
be in the prime of life " On the contrary, he is cheered by the 
contemplation of the great services and achievements of the other 
first medallist after his university retirement, his revered and respected 
friend and unsuspecting mentor, Dr. Hektoen 
| shall obey Dr. Wilder’s injunction by presenting some of the 
fruits of the labors made by myself and associates many years ago 
His example in breaking ground for his successor, I shall follow. I can 
extol his modesty in not mentioning his share in the labors and 
dangers of typhus fever research in Mexico in 1910 
\What are rickettsias? For taxonomic purposes, and I trust for 
important considerations, they are mot regarded as protozoa, 


i or viruses,* though having kinship with the last in that 


Children’s Hospital 


md, Howard Taylor Ricketts Award Lecture vas delivered 


R. M Arch. Path. 49:479, 1950 
Tr. M Nature of Viruses and Rickettsiae: Viral and Rickettsial 
Philadelphia, ]. B. Lippincott Company, 1948, p. 1 


1? 
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the rickettsias of indubitable status are obligate intracellular pathogens, 
"ven sometimes intranuclear. They are transmitted to man through 
the agency of arthropod vectors—insects, ticks and mites. They are 
all gram-negative and stain lightly with the dyes usually employed in 
bacteriology 

rhey are what Ricketts saw first and described as the probable causes 
of Rocky Mountain spotted fever and typhus.’ The arthropod world 
teems with nonpathogenic representatives in casual, commensal and 
even in symbiotic relationships.* 

laxonomically minded persons ® have created an order Rickettsiales 
for them and for some other minute derelict pathogens.* Today we are 
concerned only with the family “Rickettsiaceae.” Disagreement is 
normal among taxonomists! I agree with the majority who currently 
believe we should have three genera of Rickettsiaceae pathogenic for 


man, namely Rickettsia, Dermacentroxenus and Coxiella, happily because 
I am responsible—or reprehensible—for naming the cause of Rocky 


Mountain spotted fever Dermacentroxenus rickettsi, now regarded as 
the type species of Dermacentroxenus. Rickettsias of this genus are 
transmitted by hard ticks (Ixodidae) and are the causes of diseases 
having the characteristics of Rocky Mountain spotted fever. This name 
I * gave in 1919 in honor of Ricketts, with the conviction that the organ- 
ism was a parasite very different from Rickettsia prowazeki, the name 
given by da Rocha Lima in 1916 to intracellular organisms found in 
the alimentary tract of lice nurtured on typhus patients. This convic- 
tion, after careful comparative studies, I still hold.* 

3. Contributions to Medical Science by Howard Taylor Ricketts (1870-1910), 
published as a tribute to his memory by his colleagues under the auspices of the 
Chicago Pathological Society, Chicago, University of Chicago Press, 1911 

4. Hertig. M.. and Wolbach, S. B J. M. Research 44:329, 1923-1924. 
Steinhaus, FE. A.: Insect Microbiology, Ithaca, N. Y., Comstock Publishing Com- 
pany, 1947 

5. Bengston, I. A.: Order Rickettsiales, in Bergey's Manual of Determinative 
Bacteriology, Baltimore, Williams & Wilkins Company, 1948 

6. Bartonellaceae, including Bartonella, Hemobartonella, Grahamella and 
Eperythrozoon, Chlamydozoaceae, including Chlamydozoon, Miyagawanella, and 
Colesiota. E. E. Tyzzer (Proc. Am. Philos. Soc. 85:349, 1942), who has done 
classic work with Grahamella, Bartonella, Hemobartonella and Eperythrozoon, 
includes Grahamella in the family Acinomycetaceae 

7. Pinkerton, H.: The Classification of Rickettsiae and Ricketisial Diseases, 
in Rickettsial Diseases of Man, Washington, D. C., American Association for the 
Advancement of Science, 1948 

8. Wolbach, S. B.: J. M. Research 44:1, 1919 

9. Included in my reasons are its adaption to Ixodidae, including developmental 
cycle and hereditary transmission, its intranuclear distribution in ticks, mammalian 
tissue cultures and cells of tunica exudate of guinea pigs ( Pinkerton, H., and Hass, 
G. M J. Exper. Med. 56:151, 1932), and its growth in smooth muscle cells of 
blood vessels in all susceptible animals. 
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A fourth genus of Rickettsiaceae is advocated, Cowdria, the one 
species of which is the cause of tick-borne heartwater disease of cattle 


in Africa Satisfactory characterizations of Rickettsiales and of 


Rickettsiaceae are yet to be achieved. The separation of Rickettsiaceae 


into genera will depend on more fundamental criteria than we now have, 
but the name of Ricketts is as permanently fixed in microbiology as ts 
that of Pasteur 

lhe rickettsial diseases, until recently, could satisfactorily be grouped 
into the louse-borne, the tick-borne and the mite-borne, and are respec- 
tively typhus, the Rocky Mountain spotted fever group, and the tsutsu- 
gamushi disease or scrub typhus group. Murine typhus we know is 
transmitted from rats to man by fleas. Fleas and lice are insects, class 
Insecta. Ticks and mites belong to the class Arachnida, order Acarina ; 
the respective families we are concerned with, Ixodidae, Trombididae 
and Dermanyssididae The distant relationships of the vectors to one 
another, inasmuch as we know that the spotted fever and scrub typhus 
rickettsias are harmless and well adapted inhabitants of their vectors, 
should certainly be considered in the classification of the Rickettsiaceae 
because the involved biologic features of micro-organisms of such minute 
size are of greater importance than morphology, and at least of equal 
rank with current laboratory immunologic procedures Che rickettsia 
of louse-borne (epidemic) typhus is fatal for the louse; so that the 
louse Pediculus humanus), exclusively a parasite of man, cannot be 
responsible for the maintenance of R. prowazeki in nature, in contrast to 
the roles of ticks and mites in Rocky Mountain spotted fever and scrub 
typhus Chere is proof that man is the interepidemic harborer of the 
rickettsias of typhus fever 

Murine typhus is in all probability maintained in rats,'* possibly also 
in fleas, because the larvae of fleas ingest the dejecta of adult fleas which, 


when infected, discharge rickettsias by this route 


I \ * xper Med. 42:231 and 253, 1925 

H und Castaneda, M. R New England J. Med. 208:815, 1933 
Baehr, G.: Schwartzmann, G.; Mandelhbaum, R. A.; Rosenthal, N 
Weiss, L. B.; Cohen, S., and Snyder, J. ¢ J. A. M. A. 142:1059, 


S. B Rickettsial Diseases \ General Survey, in Virus and 
Diseases, with Especial Consideration of Their Public Health Signifi 
Symposium held at the Harvard School of Public Health, Cambridge, 
University Press, 1940, p. 789 


perpetuation of symbiotic protozoa in the intestinal tract, essential for 
ence for the existence of their roach hosts, is solely dependent or the 

of the dejecta of adults. (Cleveland, L. R., and others The 
Roach, Cryptocercus, Its Protozoa and the Symbiosis Between 
ach. in Memoirs of the American Academy of Arts and Sciences 


Academy of Arts and Sciences, 1934, vol. 17, no. 2.) 
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There is substantial evidence that the rickettsias of murine typhus 
can be transmitted to man by the ingestion of food soiled by the feces and 


urine of rats. It is probable, but not yey satisfactorily proved, that 


murine typhus can assume epidemic proportions in lousy commuunities. 

Dermacentroxenus is transmitted in ticks via ova and spermatozoa 
and is demonstrable in eggs, larvae, nymphs and adults." Its presence 
does not affect reproduction or the physiology of the several genera 
and numerous species of proved and potential tick vectors. ‘ 

lhe rickettsias of tsutsugamushi disease, or scrub typhus, as it is 
now generally called as a result of war experiences in the Orient, are 
likewise transmitted hereditarily in mites—several species of ‘Trombi- 
culidae. Only the larvae of Trombiculidae suck blood and therefore 
transmit the disease. Unfed larvae are infectious, and therefore it is 
known that the rickettsias are transmitted hereditarily, yet they have 
never been demonstrated in the nymphs and adults of Trombiculidae, 
both of which feed on plants."* 

In the family Dermanyssidae, a vector of recent importance is the 
rodent mite Allodermanyssus sanguineus which transmits from mice 
to man the newly recognized disease rickettsial pox (cause Rickettsia 
akari) a disease thus far found only in New York." 

Much important work for classification remains to be done in the 
study of the morphologic aspects and the distribution of Rickettsiaceae 
in arthropod vectors. Knowledge in this respect is meager, save for 
D). rickettsi in the tick and R. prowazeki in the louse 

We have already noted that rats are a reservoir of murine typhus 
and mice of rickettsial pox. The reservoirs of scrub typhus are voles 
and rats. All rodents thus far investigated, and some larger mammals, 
rabbits, dogs and monkeys, are reservoirs of the Rocky Mountain 
spotted fever group 

\ safe generalization is that wherever man, rodents and ecto- 
parasites common to both coexist, rickettsial diseases are to be found, 
and this means that they are worldwide. In the case of epidemic typhus, 
man seems also to be the rodent—at least, here he is his own worst enemy 

In this country Rocky Mountain spotted fever has been reported from 
all states, excepting Maine and Vermont; in South America, from Brazil 
and Colombia. Fiévre boutonneuse is the European type of Rocky 
Mountain spotted fever, common in the Mediterranean countries, the 
chief vector being the tick Rhipicephalus sanguineus, which is also one 
of the vectors of other spotted fevers in Africa, Kenya fever and South 

14. Huebner, R. J Rickettsial Pox—General Considerations of a Newly 


Recognized Rickettsial Disease, in Rickettsial Diseases of Man, A Symposium, 
Washington, D. ( American Association for the Advancement of Science, 1948 
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\frican tick-bite fever Murine typhus is worldwide, as are rats, but 
it is commonest in warm climates. In this country it is found chiefly 
in the southern states, where it was first recognized in 1926 by Maxcy 
of the United States Public Health Service as typhus, unassociated with 


lice. The degree of flea infestation of business buildings and dwellings 


undoubtedly is the important factor in human infection. Epidemic 


typhus occurs throughout the world among people content with or 
tolerant of lousiness. Scrub typhus is endemic from Japan in the 
north to Australia in the south, with all the islands in between and 
probably all coastal regions of Asia." 

\ disease, Q fever,'’ originally discovered in Australia, has been 
found in this country, Great Britain, Switzerland, Rumania, Greece, 
Italy and Panama. Its cause was discovered independently in Australia 
by Burnet in 1937 and by Davis and Cox in this country in 1938 
Rickettsia burneti (R. diaporica) has been given generic status as 
Coxiella burneti because it has forms which will pass Berkefeld N and 
W filters, which retain spotted fever and typhus rickettsias. Other 
aspects of © fever, which cripple classification of rickettsial diseases, 
are that clinically Q fever is very unlike those of our indubitable group, 
and that while it has marsupial, rodent and other reservoirs (cattle, 
sheep and goats) and can be transmitted by several genera and species 
of ticks, the important manner of transmission to man is not clear and 
is most certainly not by arthropods. Inhalation of dust containing 
arthropod feces is at present the most probable and is an experimentally 
proved means of transmission Che organism is highly resistant to 
drying, is abundant in the feces of infected ticks and possibly of other 
arthropods which can acquire their infection from animal reservoirs."* 

Characterization of the rickettsial diseases of man was easy before 
© fever and rickettsial pox were added to the list. The indubitable 
three, the Rocky Mountain spotted fever group, typhus, epidemic and 
murine, and tsutsugamushi disease or scrub typhus are all self-limited 
diseases of high mortality (with the exception of murine typhus and 
fievre boutonneuse) transmitted by arthropods and characterized by 


continued fever, a rash, and the enigmatic production of agglutinins for 


Spotted fever, tick borne, probably identical with Rocky Mountain spotted 
has been reported from Eastern and Western Siberia. (Pletzity, D. I 
on nd. Acad. d. Se. U. S. S. R. $8:877, 1945; summary in Trop. Dis. Bull 
46:248, 1949) 
16. Maxcy, K. I Scrub Typhus (Tsutsugamushi Disease) in the U. S. Army 
during World War II, in Rickettsial Diseases of Man: A Symposium, Washington, 
( American Association for the Advancement of Science, 1948 


1.; Jellison, W. L., and Beck, M. D Ann. Int. Med. 3@:459, 


Parasitol. 34:457, 1948. Parker, R. R : :. J., and 
Vet. M. A. 124:55 and 124, 1949 
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three strains of Bacillus proteus utilized for the Weil-Felix reaction. 
© fever and rickettsial pox patients do not give the Weil-Felix reaction 
© fever is without a rash. The mortality is negligible. The lungs are 
the organs chiefly involved. In rickettsial pox, a disease without 
mortality, a rash becomes papular and vesicular, in contrast to Rocky 
Mountain spotted fever, typhus and scrub typhus. An initial lesion 
develops at the site of inoculation. Initial lesions also develop at the 
sites of inoculation by the arthropod vectors in fiévre boutonneuse, 
South African tick-bite fever and scrub typhus 

My own work with spotted fever began late in 1915. Ricketts had 
provided the following facts—-the susceptibility of guinea pigs and 
monkeys, the tick as vector, the hereditary passage of the virus in ticks 
and the presence in the blood of man, monkey and guinea pig and in 
the tissues of ticks of a bactertum-like micro-organism which he sup- 
posed was related to the plague bacillus. At that time he regarded the 
disease as a hemorrhagic septicemia. E. R. LeCount in 1911, in a short 
paper, has described in man and in experimental animals, vascular 
thromboses and diffuse infiltrative lesions in many organs. 

Ricketts and Wilder in 1910, in Mexico, had confirmed Nicolle’s 
louse transmission of typhus and also the susceptibility of monkeys to 
typhus. They also reported the finding of a micro-organism similar to 
that of Rocky Mountain spotted fever, in the blood of patients and in 
the intestinal contents of infected lice. Of great importance at that time, 
they proved by cross immunity experiments that typhus and Rocky 
Mountain spotted fever were different diseases. 

My immediate objective was to study the disease in the laboratory. 
This I was enabled to do through the kindness of Surgeon L. D. Fricks, 
of the United States Public Health Service, who gave me infective ticks. 
The proliferative character of early lesions of blood vessels indicated 
that they were the result of the presence of the causative agent, because 
at that time I was firmly convinced that in infectious diseases where 
proliferation of cells preceded exudative responses or necrosis, such must 
be the case. I have not departed from this generalization. Technics 


acquired in the study of protozoon and spirochetal diseases enabled me 


to demonstrate rickettsias in the lesions of guinea pigs and monkeys 


and subsequently in human lesions, and to trace the micro-organism 
through the tick and to note its intranuclear growth. 

Experience and methods gained through studies of spotted fever 
were applied to typhus in Poland in 1920 under the auspices of the 
League of Red Cross Societies, and enabled me and my associates ** to 
prove that the virus of typhus and R. prowazeki were inseparable and 
therefore the same. Later, in 1923, we succeeded in the cultivation of 


] Todd, Francis W. Palfrey, M. C. McIver, James M. Denton and 
Henry Pinkerton 
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L). rickettsi and RK. prowazeki by tissue culture methods.*” In these 


years, 1915 to 1923, the objective of greatest importance was to prove 


to the world that Rickettsiae were the causes of such important dis- 
eases as Rocky Mountain spotted fever and typhus 
(One outstanding feature of the tyro rickettsial diseases of man which 
have been most carefully studied in ‘man and animals, Rocky Mountain 
spotted fever and epidemic typhus, ts their exact reproducibility in 
animals [hese diseases in man and in laboratory animals are closely 
similar in range of incubation periods, duration of fever, immunologic 
aspects and in all essential pathological features, irrespective of routes 
of inoculation. In this respect they are in marked contrast to diseases 
of bacterial origin 
Rocky Mountain spotted fever,” epidemic typhus and scrub 
typhus ™ have as their essential or distinctive pathological finding lesions 
of small blood vessels, chiefly of the skin and subcutaneous tissues and 
of the central nervous system, brain, cerebellum and medulla oblongata 
f capillaries and blood vessels, venous and arterial, of pre 
size are responsible for the eruptions of the diseases. In Rocky 
spotted fever the rickettsias can easily be demonstrated in 
und for this disease we may say that the localization of the 
determines the sites of the lesions. While R. prowazeki is 
more difficult to demonstrate in tissues, successes have been sufficient 
warrant the same conclusion for typhus. No adequate attempt has 
to demonstrate rickettsias in the lesions of scrub typhus, 
itures common to the three diseases warrant the inference that 
scular lesions of this mite-borne disease also follow the localization 


parasite 


Rocky Mountain spotted fever and in epidemic typhus, the first 
tion of the organisms is in the endothelial cells. In typhus they 
localized to the endothelium of the intima but enter into and 
in large mononuclear cells which accumulate about blood ves- 
Rocky Mountain spotted fever, extensive invasion and multi- 
occur in the smooth muscle cells of the media, a feature which 
in a necrotizing vasculitis as well as thrombosis In 

is not invaded, but thromboses occur as a result of 


In both diseases the initial response on the part of the 
und Pinkerton, H Proc. Soc. Exper. Biol. & Med. 20:270, 
nd Schlesinger, M. J. |. M. Research 44:231, 1923 
Todd, |. I and Palfrey, F. W The Etiology and 
umbridge, Mass... Harvard University Press, 1922 
The Pathology of the Rickettsial Diseases of Mar 
Man \ Symposium, Washington, D. ¢ American Asso 


Science, 1948 
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endothelium is proliferative, and the proliferation of mononuclear cells 
(monocytes, endothelial leukocytes) around blood vessels often results 
in conspicuous accumulations. In Rocky Mountain spotted fever, 
arteries and veins in the skin of considerable size are affected In 
scrub typhus, only capillaries and arteries and veins of small size exhibit 
lesions. Thromboses are rare, and hence petechial lesions do not result 
In Rocky Mountain spotted fever, necroses, the result of thromboses, 
are of frequent occurrence in the skin of the prepuce, scrotum, fingers, 
toes and ears. In typhus, necroses occur only where the skin ts subject to 
pressure, as over bony prominences 

In the central nervous system the focal lesions of microscopic size 
referred to as nodules—are in origin precisely like the cutaneous lesions 
In Rocky Mountain spotted fever, vessels of considerable size become 
involved and hence, following thrombosis, smal! infarctions may result 
involving the white matter 

[ shall not engage in the controversial aspects of the composition 
of the focal lesions centering about capillaries and precapillaries of the 
central nervous system. Suffice to say that | believe the initial activity 


is on the part of mononuclear cells of mesenchymal origin and is pro 


liferative in character. Neuroglia cells of several types soon appear 


and engage in sequences common to lesions of diverse origins in the 
brain and finally produce neuroglial cicatrices 

In Rocky Mountain spotted fever and epidemic typhus, vascular and 
perivascular lesions similar to those of the skin occur in many organs, 
skeletal muscle, myocardium, kidneys, adrenals, thyroid, testes and 
ovaries, and their adnexa, but not sufficient in degree and distribution 
to be of importance through vascular occlusions 

In scrub typhus the vascular lesions are restricted to very small blood 
vessels of the skin and the central nervous system, thrombosis plays 
a negligible role in the pathological picture, but a wide diffuse infiltration 
of organs by large mononuclear cells—related to the most diffusely dis 
tributed blood vessels, the capillaries—predominates In the lungs, 
cells which I believe are of capillary endothelial origin accumulate 
within and around the alveolar capillaries and in the alveoli, to a degree 
warranting the term rickettsial pneumonitis lo a lesser degree the 
same applies to Rocky Mountain spotted fever. In typhus the diffuse 
pulmonary infiltration is negligible.*? 

In all three diseases this diffuse proliferative endothelial and infiltra- 
tive response is present in skin, spleen, liver and adrenal: In spleen, 
liver and adrenals this diffuse involvement of sinusoidal endothelium, 
while less arresting to the eye than lesions associated with larger blood 


vessels, is probably of much greater importance in the production of 
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such physiological disturbances as dehydration, loss of electrolytes from 
the circulation, fall in plasma volume and proteins and “peripheral circu 
latory collapse.”** 

lo what extent the diffuse capillary and sinusoidal endothelial lesions 
are the result of the localization of rickettsias or the effects of toxemia 
and/or immunologic responses remains to be determined. 

rhese final considerations in my sketchy account of the pathology 
ot the rickettsial diseases provokes me to make the statement that if 
Pathology is to regain its lost importance among the medical sciences, 
it must embrace all disciplines necessary for the study of the reactions 
of living organisms to injurious agents. 

Che elimination of rickettsial diseases in nature presents insuperable 
obstacles, apparent when we consider the maintenance of the Rickett- 
siaceae in wild animals and their ectoparasites. Control of the disease 
in man has been achieved through insecticides and vaccination, the latter 
now possible through cultivation of rickettsias in embryonated eggs 
In differential diagnosis, agglutination tests and complement fixation 
tests have superseded the Weil-Felix reaction. For therapy we have 
two effective antibiotics, and others are on the horizon 

Our present knowledge of all the aspects of rickettsial diseases and 
their related micro-organisms is mainly the result of the labors of 
\mericans in universities and in federal services. Most of the work 
done elsewhere in the world has been patterned by their methods in 
etiology, pathology and pathologic physiology, epidemiology and ecology, 
biology and cultivation of rickettsias, and therapy, combative and specific 
Skeptics in high positions influenced thought for a long time. Brumpt ** 
in 1918 and Strong ** in 1919 opposed the opinion that any rickettsias 
were pathogenic. Nicolle ** remained unconvinced as late as 1932 

Rickettsial disease research has resulted in the identification of new 
species of ticks and mites and also of mammals. It has led to the 
realization that the arthropod world, with its hundreds of thousands 
of species, invites exploration in search for other pathogenic rickettsias 
and for enlightenment of the phylogeny of our known pathogenic repre- 
sentatives through study of the nonpathogenic rickettsias.* Thus far 
only one arthropod is known, the bedbug, which provides an organoid 


structure, a mycetome, for the accommodation of its symbiotic rickettsia 


\ll the other rickettsias of arthropods, even those invariably present 


and hereditarily transmitted, may be regarded as less well adapted to 


Harrell, G. T Medicine 28:333, 1949 
Brumpt, | Bull. Soc. path. exot. 11:249, 1918 
wz, R. P The Significance of Rickettsia in Relation to Disease, in 
s to Medical and Biological Research, Dedicated to Sir William Osler 
1 B. Hoeber, Inc., 1919, vol. 2, p. 1205 


ind Laigret, | Compt. rend. Acad. d. Sc. 194:804, 1932 
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their arthropod hosts. Rickettsial diseases of arthropods may well 
exist, as well as those of birds and rodents; in regard to the last two, 
the well known periodic fluctuation in populations of grouse and certain 
small rodents is suggestive. What is the explanation of the extraordinary 
difference in virulence of D. rickettsi of the East and West sides of the 


Bitter Root River? Why are the organs of the nymphs and adults 


of Trombicula noninfectious in the face of the hereditary transmission of 
Rickettsia orientalis in this Acarian? What is the distribution of 
R. orientalis in the larvae and other stages of the Trombicula vectors? 
Trombicula deliensis, one of the vectors of scrub typhus, has been suc- 
cessiully bred and reared in the laboratory; therefore these last two 
problems are answerable.” 

Finally, the technics developed in the study of the metabolic rela 
tionships of rickettsias and their host cells have opened the way for the 
study of the pathogenicity of viruses and therapy of the diseases they 
cause, and has already been responsible for a trend toward the theo 
retically possible goal, effective chemotherapy of cancers 

Our perspective of Howard Taylor Ricketts’ initiative and researches, 
tragically of brief duration, brings to view the following 

He was the first (in 1906) to transmit a rickettsial disease ( Rocky 
Mountain spotted fever) to laboratory animals (guinea pigs and 
monkeys). In the same year he proved the transmission of this dis- 
ease by ticks, and in 1907 he showed that the virus was hereditary in the 
tick. In 1909 he described the finding of the micro-organism in smear 
preparations in the blood of man, monkey and guinea pig and in the 
tissue of the tick. Meanwhile he made fundamental studies of active and 
passive immunity and explored possibilities of protection by vaccination. 
When he and Wilder engaged in typhus research in Mexico, Nicolle and 
collaborators had shown, in 1909, that typhus could be transmitted to 
chimpanzees and monkeys by lice.** Ricketts and Wilder speedily con- 
firmed this in 1910 and described the micro-organism of the disease 
as seen in blood smears of patients and in smears of the intestinal con- 
tents of infected lice, and showed by cross immunity experiments that 
typhus and Rocky Mountain spotted fever are two distinct diseases, 
and that the flea and the bedbug are not concerned in the transmission 
of epidemic typhus in Mexico. It was not until 1911 that Nicolle and 
collaborators * showed the susceptibility of guinea pigs to typhus, and 


27. Krishnan, K. V.; Smith, R. O. A.; Bose, P. N.; Neogy, K. N.; Roy, 
B. K. G., and Ghosh, M Indian M. Gaz. 84:39, 1949; abstracted, Trop. Dis 
Bull. 46:721, 1949 

28. Anderson and Goldberger, also in 1909, succeeded in infecting monkeys 
(Anderson, |. F., and Goldberger, ].: Collected Studies on Typhus Fever, Hygienic 
Laboratory Bulletin 86, United States Public Health Service, 1912.) 

” Nicolle, C.; Conseil, E., and Conor, A.: Compt. rend. Acad. d. sc. 182: 1632, 
1911 
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the influence of Ricketts’ work on them may be inferred from a statement 
in regard to Ricketts’ work with Rocky Mountain spotted fever—that 
it is ‘a disease not without analogy with typhus.” 

Only a well stocked, accurate and brilliant mind could have brought 
to light so many important facts in so short a time. He indicated by the 
methods he used most of the major lines of development subsequently 
employed im the study of rickettsial diseases. Da Rocha-Lima’s * tribute 
in 1916 in creating the genus Rickettsia was a happy one 

The eminent embryologist, Charles Sedgwick Minot, in 1907, at the 
conclusion of a series of Lowell Institute Lectures,”* gave expression to 
a thought which | find appropriate to this occasion in honor of the 
memory of Dr. Ricketts, which I wish to repeat : 

rhe time will come, | hope, when it will be generally understood that the investi 

umd thinkers of the world are those upon whom the world chiefly depends 

wuld like, indeed, to live to a time when it will be universally recognized that 

he military man and the government maker are types which have survived from 
4 previous condition of civilization, not ours; and when they will no longer be looked 
spon as the heroes of mankind. In that future time those persons who have really 


reated our civilization will receive the recognition which is their duc 


affection qui n'est pas sans analogie avec le typhus.” 
Da Rocha-Lima, H Berlin klin. Wehnschr. $3:567, 1916 


Minot, C. §S The Problem of Age, Growth, and Death A Study of 


Based on Lectures at the Lowell Institute, New York, G. P. 
1908: Pop. Sc. Month. 71:359, 455 and 509. 1907 





Case Reports 


RETROPERITONEAL BILATERAL CAVERNOUS LYMPHANGIOMA IN A 
PATIENT WITH CONGENITAL HEART DISEASE 


MAGDA RONA DACSO, M.D 
AND 
ALFRED A. ANGRIST, M.D 
JAMAICA, L. i, N.Y 


HE COINCIDENCE of developmental anomalies is by no means 
unusual. This report, however, deals with a case that presents a 
combination of two unusual congenital lesions, one of which is distinctly 
rare. In spite of the severity of the changes found, this patient was free 
from clinical signs and symptoms until the age of 14 and survived until 
the age of 20 
REPORT OF A CASI 


22 year old white man, was admitted to Queens General Hospital, 
with chief complaints of palpitation and severe dyspnea. Though 
lue baby,” the patient had participated in normal activities until the 
at time he became dyspneic on exertion but showed no other signs 

failure. At the age of 21, in July 1947, he began to notice pain in the 

quadrant of the abdomen and had a low grade constant fever (101 to 

He was admitted to Beth El Hospital, where an intravenous pyelogram 

was made. This demonstrated enlargement of both kidneys with suggestive evidence 

# either hydronephrosis or polycystic kidneys. The results of all blood chemistry 

studies were always within normal limits. A course of intensive chemotherapy was 
without benefit 

In June 1948 the patient was admitted to New York Hospital with complaints 

of palpitation and dyspnea. An angiogram was made. The impression derived from 

this was as follows: Definitely present: persistent left superior vena cava; dextro 

position of the aorta, which comes off the right ventricle (in part) and descends to 

of the spine. Possibly present: patent interatrial septum; possible transpo 

the pulmonary artery, as well as of the aorta 

The patient's last hospitalization occurred on Oct. 30, 1948, when he was 

admitted to Queens General Hospital with the same cardiac complaints. The physical 

examination on admission revealed the following: blood pressure, 110 systolic and 

60 diastolic ; pulse rate, 162; temperature, 102.6 F. The patient was a well developed, 

poorly nourished, strikingly cyanotic man who had marked dyspnea and clubbing 

of the fingers. The fundi revealed prominent venous engorgement. The mucous 

membranes were distinctly cyanotic. The chest was clear to auscultation and percus 

sion. The heart showed a precordial bulge. There was also a precordial thrust 


The heart was enormously enlarged to the right and to the left. A systolic murmur 


om the Department of Pathology, Queens General Hospital 
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all over the precordium. There was a questionable diastolic murmur in 
area. No thrill was felt. The aortic second sound was greater than the 
cond sound. There was right-sided regurgitation. The liver was palpated 
eadths below the costal margin. The spleen was just palpable. Two large 
vere felt in the right and left upper quadrants of the abdomen. The left 
omewhat smaller and softer than the right. The reflexes were physiologx 
al and lower genital tracts disclosed no abnormality 
rine was normal throughout. The blood showed vemoglobin, 18 Gm 
| cubic centimeters ; erythrocytes, 6,350,000 per cubic millimeter; leuko 
400, with a normal differential count; erythrocyte sedimentation rate, 
1 hour An electrocardiogram (November 1948) showed sinus tachy- 
ith a tendency toward right axis deviation. A first stage heart block was 
PR 0.28 second). The tracings suggested congenital heart disease 
patient was treated by a routine cardiac regimen but showed no improve 


the fourth day of hospitalization he died suddenly 


AUTOPSY 
The pertinent observations (Dr. J. Keet) were as follows: Frank 
clubbing of the fingers and toes was seen. There was intense cyanosis 
of the lips and the nail beds. No excess of free fluid was found in the body 
cavities The lung sections revealed diffusely firm and fibrous 


parencl 


yma There was marked atherosclerosis of the pulmonary 
arteries 

The heart weighed 525 Gm As analyzed by Drs. Henry W. 
Kdmonds and Raymond ©. Dart, of the Army Medical Museum, it 


showed the following congenital lesions 


Mixed transposition of the heart and great vessels (Spitzer 


Nondevelopment of main interventricular septum 
\ccessory interventricular septum incompletely separating main 
posterior ventricle from accessory or interior ventricl 
} 


lricuspid and mitral valves opening into the main posterior 


Dilated pulmonic trunk arising trom accessory or anterior 
Hypoplastic aorta arising from accessory or anterior ventricle 
irctation of aorta at level of ductus 

ersistent left inferior vena cava opening into coronary sinus 

right kidney weighed 170 Gm.; the left, 150 Gm. Both were 
by a multilocular cystic structure measuring 2 to 4 cm. in 


1.4 and 18). The individual cysts varied from 1 to 5 cm 


hev were filled with clear, straw-colored fluid and lined by 
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smooth, glistening, tan-colored membrane. There was no detectable 
communication between these cysts and the renal pelves. The renal 
capsules stripped with moderate difficulty, tearing off small pieces of 
cortical tissues. The kidneys appeared to be of the usual size. The ratio 
of the cortex to the medulla was normal. The corticomedullary junction 


was distinct. The pelves, ureters and bladder were not unusual 


PERTINENT HISTOLOGIC OBSERVATIONS 


lhe renal capsule was markedly thickened. It was directly adjacent 
to multiple, large and small, varying-sized, empty, cystic spaces (fig. 2), 
whose walls consisted of thin and thick, cell-poor, fibrous tissue, Some 
if these cysts had a flat endothelial lining. In the intervening stroma, 
focal lymphocytic accumulations were seen (fig. 3). Where this zone 
of limitation or capsule of the multilocular cavernous structure was 
attached to the fibrous renal capsule, the boundary tissue appeared as 
a dense hyaline membrane (fig. 3). In some areas it was distinctly 
separated from the renal capsule proper by a more vascularized fibrillar 
and parallel-oriented cellular stroma of looser texture. Some hemor 
rhages and some phagocytes containing blood pigment were noted in 


this looser zone. Only an occasional small indentation and atrophic 


depression of the renal substance proper was found beyond the kidney’s 


capsule. The general appearance of the renal parenchyma suggested 
hypertrophy of the nephron unit. Some glomeruli were large, others 
were hyalinized, and some showed fibrosis of Bowman's capsule. Such 
hyalinized glomeruli occurred immediately under the capsule toward the 
surface of the cortex, where the intertubular stroma also showed widen 
ing with considerable hyaline fibrosis and some edema. The basement 
membrane of some of the tubules showed hyaline thickening, and the 
lumens of many contained an abundance of albuminous material 
Sclerosis of the arteries was noted in the medium-sized vessels 

Sections taken throughout the cavernous cystic structure proper 
showed less fibrosis than in the region of the periphery. Here thin 
septums of dense parallel-laminated hyaline fibrous tissue were found 
This hyaline connective tissue of the septums or trabeculations was 
quite identical with that which delimited the cavernous structure from 
the kidney proper. The cavernous structure was obviously multi 
loculated, the irregularly shaped spaces being formed by trabeculated 
planes of hyaline fibrous tissue. These cystic spaces extended into the 
perirenal fat tissue 

lhe adrenal gland was rather thin, with intact zones revealing con 


siderable congestion. The capsule of the adrenal gland showed hemor 
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The kidney proper is shown enveloped by a large cystic cavity, the 
which is laid open and reflected. (The capsule is marked C in 
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Fig. 1 B.—Hemisection of the kidney. The smooth-walled cysts of the multi- 
locular lymphangioma are shown transected below and at each pole of the kidney. 
(Cavities are marked C in the photograph.) 
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rhage. It was directly adjacent to a large cystic cavernous extension 
of the multilocular cystic mass described. This in turn was also out- 
lined by the laminated hyaline and relatively acellular fibrous structural 
plane described in the region of the renal capsule. This wall showed 
abundance of lymphoid tissue in a stable follicular state of organization. 
The vessels were engorged in the lymphoid tissue, and some lymphatic 
channels were filled with closely packed lymphocytes. 


Fig. 2.-Numerous smaller cystic spaces are present in a looser area of fibrous 


stroma. There is a lymphoid focus. Renal cortex is seen below. 


The combined Van Gieson elastica stain showed mainly hyaline 
collagenous material and some irregular fragments and foci of elastic 
fibers. No muscle tissue could be found. 

Section of the heart revealed normal epicardium. The myocardium 


showed areas of old and fresh interstitial fibrosis. In the latter regions 


lymphocytes, plasma cells and blood pigment were present. The muscle 


fibers were hypertrophic in scattered foci and showed loss of cross 
striations. The coronary arteries presented moderate sclerosis. The 


endocardium appeared natural. 
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The lung sections revealed intense interstitial fibrosis and a small 
hemorrhagic infarct in the subpleural region. There was marked medial 
hypertrophy of the medium-sized arteries. In the smaller pulmonary 
arteries the intimal proliferation was so advanced that the lumens of 
these vessels could not be seen. The main pulmonary artery showed a 
fairly recent mural thrombus and prominent subintimal sclerosis with 
atheroma and with calcium deposition. 


Fig. 3.—The upper third of the photograph represents the hyalinized stroma of 
the cavernous lymphangioma. The middle third shows the more cellular fibrous 
capsule of the kidney proper. The latter organ is present below 


COMMENT 
The anomaly of the kidneys is the more unusual, and we wish to 


discuss it in greater detail. The understanding of this rather unusual 


pathologic picture is possible only in the light of the development of 


the lymphatic system. Many workers, particularly Arey * and Maximow 


1. Arey, L. B.: Developmental Anatomy, Philadelphia, W. B. Saunders Com- 
pany, 1934 
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and Bloom,* have agreed that the early lymphatic vessels originate from 


the clefts of the mesenchymal tissue. These are independent of the veins 
at first. The compressed mesenchymal cells form the endothelial linings 
of the lymph spaces. The lymphatic clefts or channels communicate with 
each other, thus forming lymphatic vessels. The dilatation and fusion 
of the latter produce lymphatic sacs. There are paired jugular sacs, a 
retroperitoneal sac (which develops at the root of mesentery adjacent 
to the adrenal glands) and paired posterior sacs. All these structures 
at first communicate with the veins. Later, only the jugular sacs retain 
a permanent venous connection. Some of the lymphatic sacs do not 
regress but assume a progressive growth and then give origin to a 
hygroma or a lymphangioma 

In Wills’* opinion these growths are not actual neoplasms but 
vascular malformations similar to hemangioma. Gerster ° suggested that 
lymphangioma may arise from the intraglandular sinuses and adjacent 
lymphatic channels of the lymph nodes. According to Ribbert (quoted 
by Gerster), lymphangioma is a neoplasm consisting of new lymph 

vessels and adjacent connective tissue 
\ simple classification of lymphatic tumors was described by 
Wegner 1. Lymphangioma simplex. This is composed of a network 
of spaces separated by thin, acellular septums, lined by flat or cuboidal 
endothelium. 2. Lymphangioma cavernosum. Coagulable lymph is 
present in the lymph spaces. The septums are either thin, cell poor or 
thickened by proliferating connective tissue, with lymph follicles, lympho- 
cytes and smooth muscle present. 3. Lymphangioma cysticum. This 
tumor differs from the previous ones m that it has no connections with 
the adjacent normal lymphatic vessels. An endothelial lining is dis 
cerned. Smooth muscle fibers and lymphoid infiltration are also present 
These tumors grow slowly into the adjacent tissue by capillary sprouts 
ur case may be classified as one of Iymphangioma cavernosum 
ising from a retroperitoneal lymphatic sac. The bilateral localization 
is more difficult to explain by this mechanism. The large cystic lymphatic 
spaces occupied both the fatty and the fibrous capsule with only localized 
ion of the renal parenchyma itself. If we accept Rouviére’s ' 


1e lymphatic system of the kidney, we expect to find 


W \ Textbook of Histology, Philadelphia 


Lea & Febiger, 1932 


Butterworth & ¢ Ltd 
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two independent lymphatic circulations. The fatty capsule has a super- 
ficial and a deep lymphatic net. The lymphatic vessels of the fibrous 


capsule of the kidney anastomose with those of the parenchyma of the 


kidney. In the present case no sharp delimitation could be established 
between the tumor and the renal capsule or the fatty tissue 

Kretschmer and Hibbs * up to 1934 collected 5 cases of retroperitoneal 
lymphangioma. All the patients showed unilateral involvement. In only 
one case was the tumor’s presence established at autopsy ; in the remainder 
the growths were found in surgical material. The histologic observations 
in our case are similar to those previously reported. 

Besides retroperitoneal lymphangioma, a great number of mesenteric 
cysts have been reported in the literature and constitute a problem in 
differential diagnosis 

We wish only to mention for the record the previous reports on 
retroperitoneal cysts (Janes*), peritoneal cyst (Warren '®), chylous 
cyst of the mesentery (Taylor''), cavernous chylangioma of the 
mesentery (Lubitz and Flynn'*), lymphangioma of the kidney 
(Willis *), solitary cyst of the kidney (Lowrain and McCrea ‘*) and 
i 


cystic organoid teratoma of kidney (Smith and Cochrane **). 


SUMMARY 


\ case of congenital malformation of the heart with both arterial 
and venous aberrations of structure, combined with bilateral cavernous 
lymphangioma encircling each kidney, is presented 

Ihe theories of the origin and the classification of renal anomalies 
of this type are reviewed, and the particular lesion is presented as 
lymphangioma cavernosum. This lesion of itself is chiefly of anatomic 
interest, but it derives some clinical significance from the possibility that 
it may be confused with hydronephrotic or polycystic kidney and tumors 


of this region 


8 Kretschmer, H. L., and Hibbs, W. G Arch. Surg. 280:113, 1934 
9. Handfield-Jones, R. M Brit. J. Surg. 12:119, 1924 

10. Warren, K. W Lahey Clin. Bull. $:185, 1947 

11. Taylor, T. J Northwest Med. 4§:834, 1946 

12. Lubitz, J. M., and Flynn, R. W Surgery 18:772, 1945 

13. McCrea, L. F Am. ]. Surg. 60:328, 1942 

14. Smith, E., and Cochrane, W. }.: Canad. M. A. J. $6:151, 1946 
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PITHELIAL inclusion cysts in the heart are rare. Their appear- 
ance in an infant coincident with an unusual anomalous heart and 


precocious ovarian and breast changes warrants complete recording. It 


is because of these unusual findings and the relation of such cysts to the 
question of germ cell specificity that this case is presented. 


HISTORY OF CASE 


\ 10 week old girl was admitted to the Massachusetts General Hospital, 
Aug. 17, 1948, because of intermittent vomiting and for the study of what was 
considered as probably congenital heart disease 

There had been no infectious disease in the mother during pregnancy, and 
the infant was delivered normally after nine months’ gestation 

The patient was well until the age of 3 weeks, when vomiting first occurred. The 
vomiting was questionably projectile on some occasions but was usually a regurgi- 
tation of part of the feeding. It occurred sporadically, either during or after 
feeding, and persisted despite discontinuance of breast feeding and use of several 
modifications of evaporated milk feedings. The vomiting increased in frequency, 
and this was reflected in a retarded weight gain. There had been no history 
ot cyanosis 

The family pediatrician suspected congenital heart disease because of the 
enlarged heart with a systolic murmur, and referred the infant to the hospital 
for further study 


Physical Examination.—The heart was enlarged to percussion; the rate was 
150. There was a diastolic gallop rhythm over the entire precordium. <A grade 
3 systolic murmur was heard in the third and fourth imterspaces to the left of 
the sternum and was transmitted over the precordium. A definite thrill was not 
felt The lungs were clear The liver was palpable 3 cm. below the costal 
margin in the right midclavicular line. The neck veins were distended to an 
abnormal degree The femoral and dorsalis pedis arteries were easily felt 


There was no cyanosis or clubbing of the fingers. The temperature was 37 C., 


e 160, the respiratory rate 40 and the blood pressure 90/60. 


Pathology Department, Massachusetts General Hospital 
* Present address: Department of Medicine, Emory University School of 
Medicine, Atlanta, Ga 
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Laboratory Data.—The urine and the white blood cell count were normal. The 
red blood cell count was 5,370,000, and the hemoglobin was 145 Gm. The 
fluorescein sodium circulation time, wrist to lip, was 10 to 12 seconds (aormal for 
age, 5 to 9 seconds). 

Electrocardiographic Examination.—The cardiogram revealed sinus tachycardia 
at a rate of 150, a P-R interval of 0.16 second, left axis deviation (—40), a flat 
T wave in lead 1, a diphasic T wave in lead AVL and an inverted T wave in leads 
Vizae 

Roentgenologic and Fluoroscopic Studies.—All cardiac chambers were inter- 
preted as being enlarged. The aortic knob appeared on the left. The pulmonary 
vascular markings were accentuated. 

Impression.—The physical findings were considered typical of an interventricular 
defect. It was thought that the electrocardiogram was somewhat unusual for a 
simple, uncomplicated interventricular septal defect. Some observers suggested 


Fig. 1.—A, direct view of the septal portion of the right side of the heart. A 
probe has been inserted through the interventricular septal defect. To the left 
of the probe is the distorted valve leaflet. Below the valve edge is the lower half of 
the interventricular septal defect. 

B, schematic diagram ' showing relation of sacculated septal leaf of the tricuspid 
valve to the interventricular septal defect. The root of the valve leaflet, the area 
containing epithelial cysts, is labeled X. 


that possibly the large heart, in particular the left atrium, might have compressed 
the esophagus and caused the frequent vomiting. 

The patient was readmitted at 6 months of age, with pneumonia. She died 
14 days later, despite treatment with penicillin, sulfadiazine, streptomycin and 
digitalis 


GROSS PATHOLOGICAL ASPECTS 


\t autopsy the infant weighed 5,400 Gm. and appeared pale and 
chronically ill. The great vessels were normal. The heart weighed 66 
Gm. (normal for age, 31 Gm.). The right ventricular wall was 5 mm. 
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thick; the left, 7 mm. The left ventricle was plainly dilated. The 
distance from the auriculoventricular valve ring to the apex of the 
chamber was 5 cm. on the left and 3.8 cm. on the right. The myocardium 
was red and firm Ihe mitral valve ring was 5 cm. in circumference, 
the aortic 2.2 cm., the tricuspid 4.4 cm., and the pulmonary 3.2 cm. 

The septal leaf of the tricuspid valve protruded into the right atrial 
cavity, suggesting a multilocular cystic tumor above a large interventric- 
ular septal defect (fig. 1).' The defect, high in the posterior part of the 
septum membranosum, measured 1.5 cm. in diameter, and the posterior 
half of its right ventricular stoma was beneath the line along which the 
septal leaf was attached to the tricuspid valve ring. The leaflet was 
grossly deformed. Its atrial surface consisted of multiple round, smooth, 
tan, soft polypoid nodules projecting into, and almost filling, the right 


Section through roof of the abnormal leaflet (X of fig }) The cystic 


f the tissue is seen; hematoxylin and eosin; x I] 


atrial cavity rhe total mass of polypoid structures measured 2.5 by 


2.0 by 1.5 em., and the largest nodule measured 1.5 cm. in diameter and 


almost occluded the orifice of the superior vena cava. The lower border 
of the multilocular mass was the line of closure of the septal leaf of the 
tricuspid valve The valve was involved for 2 cm. of its circumference 
lhe ventricular surface of the septal leaf of the tricuspid valve was sac- 
culated, suggesting multiple shallow communicating diverticula, forming 
i single cavity, the long axis of which was continuous with the axis of 


the center of the interventricular septal defect and the aortic outflow tract. 


rv. f l Burchell, H. B und Edwards, |. | Proc. Staff Meet., 
24:198, 1949. The authors and publishers of this paper allowed us to 


<ity their drawing 





Section through root of the abnormal leaflet; hematoxylin and eosin; 





Fig. 4.—Detail of cystic structures from figure 3, showing squamous cysts with 
desquamated epithelium and amorphous debris in cyst spaces; x 235. 
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On section, after formaldehyde fixation, one of the small diverticula 
near the root of the septal leaflet contained a translucent, glistening gray 
coagulum, suggesting mucoid material. 

The lungs weighed 220 Gm. (normal for age, 81 Gm.). They 
maintained a midinspiratory position. On section they were moist and 
firm and varied in color from red to pale purple. 

Each of the ovaries measured 14 by 7 by 3 mm. Almost half of the 
ovarian parenchyma was composed of many small cysts, the largest 
measuring 2 mm. in diameter (fig. 6) 

Che breasts were normal on external examination, but on section a 
few cysts were seen. The largest measured 1 mm. in diameter (fig. 9). 


Permission to examine the head was not granted. 


MICROSCOPIC ANATOMY 

Heart.—The septal leaf of the tricuspid valve was thickened, varying 
from 1.0to 2.0mm. Deep to the atrial surface of the valve, for a distance 
of one half to one fourth of the thickness, the valve consisted of lamellated 
connective tissue. Blood vessels were prominent, and capillaries and 
arterioles were found to the level of the insertions of the chordae ten- 
dineae. The remaining thickness of the valve consisted of avascular, 
sparsely cellular, faintly basophilic and amphophilic undifferentiated 
mesenchyme. The matrix was finely fibrillar but in some areas was com- 
pletely hyalinized. The cellular elements were plump fibroblasts and a 
few Anitschkow cells 

lhere were many narrow indentations on some parts of the ventric- 
ular surface of the valve, which gave the surface a papillary appearance 
microscopically. 

In the root of the valve leaflet and in the adjacent septal area a bizarre 
cystic pattern was found. Many small cysts, measuring between 0.5 
and 5 mm. in diameter, were lined by variably thickened, stratified 


squamous epithelium. Definite intercellular protoplasmic bridges were 


present. There was no keratinization, but some of the small cyst spaces 


contained amorphous acellular debris and shrunken cells, with clear cyto- 
plasm and pyknotic nuclei, suggesting products of desquamation (figs 
2, 3 and 5) 

Che matrix about most of the small cysts consisted of undifferentiated 
mesenchyme without local alteration. Around a few of the large cysts, 
however, the mesenchyme was densely cellular with many plump fibro- 
blasts, undifferentiated mesenchymal cells, macrophages, rare multi- 
nucleate foreign body giant cells and scattered segmented granulocytes 
in a completely hyaline, amphophilic matrix. Groups of macrophages, 


fibroblasts and plasmacytes surrounded a few small blood vessels 





LEIGHTON ET AL.—EPITHELIAL CYSTS IN HEART 637 


Ovaries.—The ovaries contained many cysts measuring between 1.0 
and 1.5 mm. in diameter. Most of them were well developed graafian 


Fig. 5.—Part of a cyst wall showing distinct intercellular bridges ; 


Fig. 6.—Section through an ovary showing the gross cystic pattern, consisting 
of many dilated follicle cysts; hematoxylin and eosin; x 12. 


follicles with large cavities, well defined granulosa cell membranes and 
eccentric germ hills containing ova. A zona pellucida and a corona 





Detailed view of a follicle cyst of the ovary with germ hillock, 
cell lining, ovum and Call-Exner bodies; x 235 





Section through a follicle undergoing atresia; x 235. 
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radiata were found about several of the ova. Call-Exner bodies were 
present in many of the granulosa cell membranes. Internal and external 
thecal layers were present (figs. 6 and 7). 

In neither ovary was there evidence of rupture of the follicles or of 
corpus luteum formation. Early changes of follicular atresia were 
present: fatty degeneration of the follicle cells; prominence, folding, 
thickening and hyalinization of the follicle basement membrane; pro- 
liferation and vacuolation of the cells of the theca interna (fig. 8). 

Breast.—The branching duct system was prominent. The lumens of 
the ducts were slightly dilated and contained intensely basophilic inspis- 


"Se: 
: 


sated secretion. A thin collar of loose fine connective tissue surrounded 
the ducts. The periductal areolar tissue showed no cellular infiltrate 
(figs. 9 and 10). There were several cysts measuring up to 1 mm. in 
diameter. The cyst contents were faintly basophilic and granular. The 
cyst walls were lined by a single layer of low columnar epithelium. The 
nuclei were round and centrally located. The cytoplasm was very faintly 
eosinophilic \ few elongated oval myoepithelial cells separated the 


lining cells from the basement membrane. There was no local alteration 


in the connective tissue around the cysts (fig. 11). 
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Lungs.—The alveolar walls were diffusely thickened, engorged and 
infiltrated by many mononuclear phagocytes, lymphocytes and segmented 
granulocytes. The alveolar spaces were irregularly filled with large con- 
fluent histiocytes and with variable numbers of well preserved red blood 
cells. Some alveolar spaces were lined by amorphous eosinophilic hyaline 
membranes. The pulmonary veins throughout the section were promi- 
nent and widely dilated. 

Adrenal Glands.—The adrenal glands were normal. The provisional 
zone was completely replaced by normal cortical elements. 

Uterus.—The endometrium was thin, and the glands sparse. There 
was no evidence of mitotic activity. 


Thyroid Gland.—The thyroid gland was normal. 


COM MENT 

Epithelial cysts in the heart are occasionally discovered as incidental 
findings at autopsy. There have been several case reports and reviews 
of the literature recently.2, Most of the cysts described were lined by 
columnar epithelium, and in some they were ciliated. Cysts lined by 
squamous epithelium are rare. 

The prevailing theories of origin of intracardiac cysts are completely 
unproved, and they vary, largely depending on the degree to which the 
proponent believes in the strict specificity of germ cell layers. Those 
who uphold the idea that endoderm-like epithelium must arise from endo- 
derm only point out that endodermal inclusions may be isolated in cardiac 
tissue during morphogenesis as paired primordia fuse in the midline, 
dividing endoderm into foregut and yolk sac. The isolated endodermal 
cells become squamous if destined to be esophageal mucosa, and ciliated 
columnar if destined to be respiratory mucosa. 

On the other hand the literature of experimental embryology definitely 
refutes the hypothesis of a strict specificity of germ cell layers. In a 
recent review Oppenheimer * emphasized the fact that all the germ 
layers, and especially the mesoderm, are multipotent over wide ranges, 
including the abolition of germ cell specificity under many experimental 
conditions 

Epithelial cysts of the heart may arise through local and unknown 
alterations in cardiac primordia, producing unusual, fully differentiated 
elements 


Our findings do not allow us to favor either view. The cysts are 


considered as a specific case in the general unanswered problem of the 


Anderson, W. A. D., and Dmytryk, E. 7 Am. J. Path. 22:337, 1946 
hn, | Arch. Path. 26:422, 1938. Rabson, S. M., and Thill, L. J Am 
24:655, 1948. Sachs, L. J.. and Angrist, A.: Ibid. 24:187, 1945 
ypenheimer, J. M.: Quarterly Rev. Biol. 15:1, 1940. 
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origin of differentiated cells of one germ cell layer in an organ arising 
from another germ cell layer. 

It would be extremely gratifying if we were able to integrate all the 
abnormalities described here. The unusual valvular anomaly may have 
resulted from the impact of blood moving from the left to the right 
ventricle through the interventricular septal defect, ballooning and 
dilating the septal leaf of the tricuspid valve. We cannot evaluate the 


role played by the squamous cysts of the root of the leaflet in the pro- 


duction of this anomaly, nor can we establish a relation between the 
cystic ovarian and breast changes and these cardiac abnormalities 

rhe incidence and the possible significance of cysts of the ovaries in 
the fetus, the newborn and the infant has been reviewed. In Spivack’s * 
study of 36 cases, which included full-term newborn infants and older 
infants, polycystic ovaries were found in 85 per cent of the older ones, 
while in the full-term newborn infants they were present in only 25 per 
cent This suggested that not all cystic ovaries encountered in infants 
are of congenital origin; it indicated rather that thev arise in extra- 
uterine life, perhaps depending on the infant’s own pituitary activity 

Delson * studied non-neoplastic cysts and their relation to spiral 
arteries in the ovaries. He injected the blood vessels with vinyl acetate 
plastic and then incubated the injected specimen in a corrosion bath, a 
method previously employed in similar studies on rabbits.' 

His preparations suggested that a segment of spiral artery, by its 
chance proximity to a corpus hemorrhagicum, is distorted and straight- 
ened. The normal mechanism by which the arterial blood pressure is 
gradually reduced in the ovaries, via the spiral arteries, is changed. The 
local increase of hydrostatic pressure in the capillaries supplied by the 
straightened arterial segment alters the normal tissue fluid balance, and a 
transudate enters the tissue, accumulating in the adjacent cyst. Seven 
ovaries of fetuses and infants were prepared by the injection method 
Five ovaries, representing premature and newborn infants, were grossly 
normal, and the arterial spiraling varied from slight to excellent. Of two 


full-term infants, one at the age of 3 months had two small atretic follicle 


4 


' 


cysts in the left ovary. The other at the age of 44% months showed poly- 


cystic ovaries with some spiraling and many straightened arterial 
branches 
Delson expressed the belief that these findings were consistent with 


the hypothesis that, under maternal hormonal influence, growth and 
development of ovarian arterial branches and spiraling begin in fetal life 
ind reach a maximum about one week after birth. Subsequent spiraling 


in the arterial branches decreases and may be completely gone in the third 


M Am. |. Obst. & Gynec. 27:157, 1934 
B Am. |. Obst. & Gynec. §7:1120, 1949 
S. R. M Endocrinology 40:388, 1947 
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or fourth month of life. During infancy occasional graafian follicles of 
any stage of development may be found. The chance proximity of a 
spiral artery and a follicle may lead to cystic swelling of the follicle. A 
superimposed factor in infancy likely to favor patterns of cystic change 


arises from the loss of spiraling coincident with the cessation of maternal 


hormonal influences. 

Whether the latter concepts entirely explain the ovarian changes in 
our case is dubious. Many of the cysts were mature follicles, and 
although their large volume may be explained on the basis of a transuda- 
tion from capillaries supplied by contiguous straightened segments of 
spiral arteries, their maturity suggests a gonadotropic response as the 
primary tactor 

The findings here prompt us to suggest that in cases of cardiac 
anomalies attention should be given to the anatomy of all the endocrine 
glands to determine whether a recurring, and possibly significant, relation 
exists 

SUMMARY 

We have herein reported a case of interventricular septal defect with 
saccular deformity of the septal leaf of the tricuspid valve and squamous 
cysts of the root of the valve leaflet and adjacent septum. In addition, 


there were unusual ovarian and breast changes 
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Aes UGH infectious mononucleosis is generally considered to be 
a benign disease of the lymphogenous and hemopoietic tissues, it 
is associated with pathologic and physiologic alterations of many tissues 
and organs and is at times a fatal disease 

The fatal cases which have been reported since the Paul-Bunnell 
test for heterophilic antibody was introduced as a serologic diagnostic 
aid ' have been few. Thomsen and Vimtrup? reported six deaths in a 


series of 500 cases of infectious mononucleosis. Two of their fatal cases 
were complicated by sepsis, but the other four were not; death was due 
to central respiratory paralysis in each case. In two of the four cases 
just mentioned, autopsies were made and the reports of these are prob- 
ably the first entirely authentic autopsy reports of this disease 

Ziegler * was the first to report a case with autopsy in the American 
literature ; death was due to rupture of the spleen and consequent intra- 
abdominal hemorrhage 

lwo cases in which death was consequent to rupture of the spleen 
were encountered in the Canadian Army.‘ These have not yet been 
reported in sufficient detail to permit full evaluation of the findings. 

In the entire experience of the Armed Forces Institute of Pathology 
there has been a total of nine cases of infectious mononucleosis in which 
autopsies were made—those encountered by Custer and Smith.’ In one 


Che photomicrographs were made by Mr. Leo Goodman of the Mallory Insitute 
f Pathology 
From the Thorndike Memorial Laboratory, Second and Fourth Medical 
Services (Harvard), the Mallory Institute of Pathology, Boston City Hospital, 
and the Department of Medicine, Harvard Medical School 
1. Paul, J. R., and Bunnell, W. W Am. J. M. Sc. 183:90, 1932 
Thomsen, S., and Vimtrup, B Nord. med. hospitalstid. 4:3295, 1939 
Ziegler, FE. I Arch. Path. 37:96, 1944 
Fisher, J. H Am. J. Path. 22:651, 1946. Brien, F. 5 Canad. M. A. J 
4 
, and Smith, FE. B.: Blood 3:830, 1948 
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of these, a clearly proved case, the patient was examined after death 
had occurred from an airplane crash, one month after he had recovered 
from his infection.* Two other patients presented findings characteristic 
of the Guillain-Barré syndrome and died of respiratory paralysis." One 
of these had a diagnostic heterophilic antibody titer; the other had few 
laboratory studies, and the diagnosis was based on the anatomic findings 
at autopsy. Among the nine cases four were cases in which death 
followed rupture of the spleen ; two of the four patients died because of 
postoperative complications not directly related to the disease process. 
It is of interest that in none of the cases in which death followed rupture 
of the spleen, in this group, was sufficient premortem evidence cited to 
establish the diagnosis—the diagnosis was made from anatomic data 
alone.* Data concerning the remaining cases are not adequate to permit 
determination of whether there was premortem evidence supporting the 
diagnosis of infectious mononucleosis. 


Cause of Death in Cases of Infectious Mononucleosis Without Sepsis in Which 
Autopsies Were Made 


Cause of Death Re ference 
Rupture of spleen 5,8 
Rupture of spleen 3 
Rupture of spleen 4 ‘4 
Rupture of spleen This paper 
Central nervous system involvement 2 
Central nervous system involvement 
Nasopharyngeal hemorrhage 
Edema of glottis 
Accidental 


Total 


* The diagnosis was made on the basis of autopsy data primarily 
+ Insufficient data were presented to determine the manner in whieh the diagnosis was made 
The diagnosis was made on the basis of autopsy data primarily in one of these cases 


It is apparent, then, that autopsy data obtained from clinically 
acceptable cases of infectious mononucleosis are scanty and that despite 
the description of anatomic changes which seem to be specific for infec 
tious mononucleosis the substantiation of the diagnostic criteria must 
await the accumulation of more data. 

The immediate causes of death in those reported cases in which 
there was no sepsis are listed in the table. Most of the patients died 
either of rupture of the spleen or of ceritral respiratory paralysis. In one 
case hemorrhage from nasopharyngeal lymphoid tissue is cited as causing 
death, and in another edema of the glottis was the fatal complication. 
These findings illustrate the widespread, generalized tissue involvement 
which is one of the characteristics of infectious mononucleosis. 


6. Allen, F. A., and Kellner, A Am. J. Path. 23:463, 1947 


7. Peters, C. H.; Widerman, A.; Blumberg, A., and Ricker, W. A.: Arch. 
Med. 80:366, 1947. Ricker, W.; Blumberg, A.; Peters, C. H., and Widerman, 
Blood 2:217, 1947 

8. Smith, E. B., and Custer, R. P.: Blood 1:317, 1946 








ARCHIVES OF PATHOLOGY 


Recently, considerable attention has been directed to the involvement 
of the liver in infectious mononucleosis. The many clinical and anatomic 
studies of this organ reveal it to be a site of significant pathologic 
changes. Although in the case to be presented, death was due to rupture 
of the spleen, a severe and unusual hepatitis was found at autopsy 
despite the relatively minor evidence of clinical disease. The diagnosis 
of infectious mononucleosis was substantiated by the presence of a 
diagnostic titer of heterophilic agglutinins in the abdominal blood 
obtained post mortem 

HISTORY OF CASI 

\ 19 year old white woman, unmarried, employed as a stenographer, returned 
home from work complaining of feeling weak, “dizzy” and nauseated since that 
morning. She had had one loose bowel movement during the preceding few hours 
Her physician found her temperature and pulse rate and the results of a general 
physical examination to be within normal limits. She had felt listless and weak for 
the preceding week or two, and her appetite had been poor Howeve g, she had been 
able to k regularly and several times had gone to the beach during this period 


The past history revealed that she had undergone unilateral 


oophorectomy at the 
age of becaus f a cyst “in which a foot was found” (? dermoid). The family 
physician observed no adenopathy, hepatic or splenic enlargement, abdominal tender- 
ness or jaundi \bout two hours after she was seen by her physician the patient 
hecame stless and shortly thereafter could not be roused. The physician was 


! and arrived within three hours of the previous visit to find the patient dead 


‘ alle 


AUTOPSY REPORT 


The report of the gross postmortem examination will be limited to 
the pertinent findings. External examination revealed a well developed 
and well nourished female, appearing her stated age of 19 years and 
weighing about 50 Kg. A well healed suprapubic operative scar was the 
only positive finding on the skin. Neither the scleras nor the skin was 
icteric. The peripheral lymph nodes were not palpable save for several 
small shotty nodules in the inguinal region 

rhe serosal cavities appeared normal except for the peritoneal cavity, 
which contained approximately 1,250 ml. of fluid dark red blood con- 
taining a few clots. A large dark red mass of clotted blood weighing 
approximately 600 Gm. surrounded the splenic serosa, hiding it from 
view. Save for slight enlargement of the para-aortic nodes, no lymph- 
adenopathy was demonstrable. The cecum was bound down by scattered 
fine fibrous adhesions, and the appendix and one ovary were surgically 
absent 

The thoracic organs were grossly normal 

Che liver weighed 1,280 Gm. and appeared to be slightly distended, 
with a tightly stretched capsule. The surface was smooth, dark red- 
brown, and showed indistinct, faintly mottled geographic areas of paler 
vellow parenchyma. On section the lobular markings were distinct. The 
parenchyma, red-brown, appeared slightly more friable than is usual 
The extrahepatic and intrahepatic biliary systems were entirely normal 
lhe portal vein and the portal hepatic lymph nodes showed no gross 


spleen was the organ of greatest interest grossly. It weighed 
200 Gm. when freed of attached peripheral blood clot, and its slate gray 
apsule was torn and retracted, exposing the underlying soft, bright red 
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pulp. The over-all mushy consistence of the splenic pulp rendered the 
trabecular markings and follicular structure indistinct. Immediately 
subjacent to an exposed area of puip there was a red-blue zone replacing 
the bright red pulp. This area was considered to represent interstitial 
hemorrhage and was possibly the site of rupture. The splenic artery and 
vein were patent. 

lhe thoracic and abdominal lymph nodes were tikewise not sig- 
nificantly enlarged and on section were pale gray and of the usual 
consistence. 

The bone marrow was bright red and of the usual consistence. 

Microscopic Examination.—The microscopic observations of all the 
organs are presented to demonstrate the extent to which this disease 
entity involved the various organs. 

The heart, for the most part, was involved only by focal collections 
of lymphoid cells, In the subendocardial region and within many 
trabeculae carneae there were interstitial collections of typical and 
atypical lymphocytes. Some of the latter forms had nuclear indentations 
with fenestrated nuclei—the so-called “infectious mononucleosis cells.” 
These cellular foci were not numerous, and some sections of myocardium 
had none. The myocardial fibers themselves were well preserved on both 
routine cellular and lipid stains. The vessels were not remarkable. 

The lungs, in all sections, were essentially normal save for slight, 
possibly terminal, emphysema. No interstitial cellular infiltrates or 
alveolar exudates were found. 

The spleen was poorly preserved and difficult to section. Under low 
power its structure appeared blurred and indistinct. Follicles merged 
with the surrounding pulp, producing no clear line of demarcation. 
Trabeculae and sinuses were likewise obscured. Higher magnifications 
revealed the cause of this loss of structural detail to be an over-all 
cellular infiltration, due chiefly to lymphoid cells with an occasional 
admixture of plasmacytes. They infiltrated the pulp heavily and filled 
the sinuses. A small fragment of attached capsule was diffusely infil- 
trated, as were numerous cross sections of trabeculae. The follicles were 
not enlarged and showed no mitotic or phagocytic activity. Numerous 
atypical lymphocytes were found within the centers of these follicles. 
The splenic vessels were somewhat unusual. The large veins showed 
scattered lymphoid infiltrates in the subendothelial areas, and the 
trabecular arteries, a periadventitial infiltrate of the same elements. The 
blood clot attached to the splenic pulp was heavily infiltrated with 
atypical lymphocytes, and a differential count of these nucleated elements 
in the clot revealed 88 per cent of them to be mononuclear in type, with 
approximately half of these being the “mononucleosis cell.” 

rhe liver is the organ of principal histologic interest in this case. 
Under low power an intense periportal cellular infiltration was apparent 
(fig. 1). These densely cellular zones outlined the underlying lobular 
structure, dividing the parenchyma into distinct lobules. Closer inspec- 
tion revealed, however, that there was loss of the intralobular structure. 
The usual radial cordlike arrangement of the hepatic cells was replaced 


by a haphazard scattering of parenchymal cells, which varied greatly in 
size and shape (fig. 2). These cells were no longer basically cuboidal 
| g g 


but appeared as polygonal, irregular cells and even as syncytial masses 


with indistinct cell borders. Their orientation to one another was 
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destroyed, so that the sinusoidal channels were obscured and tortuous. 
The cytoplasm of the hepatic cell was abundant, granular and brilliantly 
acidophilic, with widely scattered, usually solitary, small fat droplets. 
The cells containing these vacuoles were not necrotic, and the intact 
nuclei were but slightly displaced. There was frank nuclear variation in 
the parenchymal cells. Many cells contained several small nuclei ; others, 
large, atypical, deeply chromatic nuclei. Cells undergoing mitosis were 
extremely numerous and in some areas numbered 7 to 8 per high power 


Fig. 1.-Liver: Intense perilobular and portal infiltration. Phloxine-methylene 
blue x 100 


field (fig. 3). There was no evidence of anaplastic tumor giant cells nor 
of necrosis of the hepatic cells. The sinusoids contained many white 
blood cells, chiefly of the lymphocytic variety. No subsinusoidal col- 
lections were evident. The Kupffer cells were somewhat more plump 


than usual but showed no mitotic activity. The periportal spaces were 
the sites of the dense infiltration previously described. Most of the 
inhitrating cells were lymphocytes, with occasional macrophages, and 
widely scattered atypical large lymphocytes could be found. The bile 
ducts and portal vessels were patent 





KASS-ROBBINS—HEPATITIS IN MONONUCLEOSIS 649 


The pancreas was entirely normal, with no evidence of infiltration. 

The entire gastrointestinal tract was essentially normal. The 
lymphoid tissue in the various levels of the intestine showed no hyper- 
plasia, no mitotic or phagocytic activity and no evident infiltration. 

The kidneys and the genitourinary tract showed no pathologic 
change and no evidence of cellular infiltrates in any of the sections 
examined 

The adrenal glands revealed only a slight depletion of lipid in the 
zona glomerulosa, There were no evidences of lymphoid infiltration 
either in the adrenal gland itself or in the periadrenal fat. 

The thyroid gland showed preservation of the usual structure, with 
no evidences of lymphoid infiltration. 


Fig. 2—Liver: Structural derangement, mitotic figures and binucleate cells. 


(250 x). Phloxine—methylene blue; «250 


Che genital organs were without pathologic change. The ovary 
disclosed good preservation of primordial ova and several small maturing 
follicles. There was one small corpus luteum 

Che lymph nodes were not strikingly affected. In general there was 
some loss of gross structural detail. This was due to focal cellular 
infiltrations of the trabeculae and the capsule, with typical lymphocytes 
as the predominant cells. The lymph nodules were not large, were poorly 
defined and showed no atypical changes. The medullary lymphoid tissue 
was somewhat more cellular than usual, owing to an increase in lympho- 
cytes, with a scattered admixture of atypical large mononuclear cells. 
Mitosis was not apparent. Few typical fenestrated cells could be identi- 
fied. The sinuses, chiefly the peripheral ones, contained large numbers 
of mature lymphocytes and scattered large atypical forms. 
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Che thymus gland was not involved. The underlying structure was 
clearly defined. The thymic corpuscles were readily apparent, and the 
capsule was well preserved. 

The aorta was entirely normal 

Serum obtained from the blood in the abdominal cavity agglutinated 
sheep red cells to a titer of | 256 

Final Anatomic Diagnosis.—Infectious mononucleosis, as evidenced 
by (a) infiltration of the spleen with splenic rupture and hemoperito- 
neum, (>) diffuse atypical hepatitis, (c) infiltration of the lymph nodes, 
(d) focal infiltration of the myocardium, (¢) preponderance of mono- 
nuclear cells with many “mononucleosis cells” in the blood clot and (f) 
positive heterophilic agglutinin titer in the postmortem blood. 


Mitotic figures and binucleate Phioxine—methylene 


COMMENT 


e case presents se veral noteworthy features Des} ite the absence 
lized lymphadenopathy and of angina, there is little reason to 
he diagnosis of infectious mononucleosis. The hepatitis, the 
enlargement with rupture and the presence of some of the 


ric changes described by Custer and Smith® are all consistent 


diagnosis. Smears of the blood, made at autopsy, were of poor 


] 


but the leukocytes in sections of the blood clots, instead of 
the usual predominance of segmented granulocytes, were 
lymphocytes, of which almost half were large atypical cells 
ibdominal blood had a positive heterophilic agglutinin titer 

40 is the upper limit of normal by the method and experi 
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ence of this laboratory). Although such titers may occasionally appear 
in other diseases, most notably serum sickness, leukemia, Hodgkin's 
disease and tuberculosis,’ there was no evidence for any of these from 
the study of lymph nodes, bone marrow and other viscera. That infec- 
tious hepatitis alone is not associated with increased heterophilic antibody 
titers now appears to be well established."® 

The widespread and often severe involvement of many organs which 
is apparently characteristic of infectious mononucleosis is seen, from the 
case herein reported, to occur in the absence of classic clinical signs of 
the disease and, from the case of Allen and Kellner,® to persist for 
many weeks after clinical recovery has occurred. The absence of involve- 
ment of the lungs, gastrointestinal tract and other organs may indicate 
an early phase of the disease or some organ resistance to widespread 
dissemination of the infectious agent. 

rhe striking hepatic involvement observed in this case is in sharp 
contrast to the apparent absence of clinical signs accompanying it. 
\natomically the liver cells showed considerable dysplasia, with much 
mitotic activity but without any associated necrosis. There are not 
sufficient anatomic data at hand to determine whether these changes 
represent a very early phase of the disease, with necrosis occurring later, 
or whether this case might have been characterized by severe hepatitis 
with little or no clinical manifestation. The latter situation is considered 
to account for those cases of late atrophic hepatitis, which is presumably 
a consequence of clinically unrecognized and probably asymptomatic 
infectious hepatitis."' Evidence of hepatitis of varying degrees of severity 


can probably be demonstrated by the usual laboratory technics at some 
time in almost all cases of infectious mononucleosis if serial tests are 
performed.'? In several instances of infectious mononucleosis the results 
of biopsy of the liver agreed with autopsy findings in showing varying 


degrees of hepatitis." No anatomic description of an essentially normal 
liver in a case of infectious mononucleosis has been found in our study 
of the literature. 

It is of the utmost importance to determine whether necrosis occurs 
at some time in the course of the disease—-it has as yet not been observed. 


ultz, L. } Arch. Int. Med, 81:328, 1948 
10. (a) Jones, ©. M., and Minot, G. R Boston M. & S. J. 189:531, 1923 
b) Barker, M. H.; Capps, R. B., and Allen, F. W.: J. A. M. A. 228:997, 1945. 
ll. (a) Bjorneboe, M.; Jersild, M.; Lundbaek, K.; Thaysen, E., and Ryssing, 
Lancet 1:867, 1948. (b) Wood, L. J.; King, W. E.; Parsons, P. J.; Perry, 

W..: Freeman, M., and Limbrick, C.: M. J. Australia 1:249, 1948. 

12. (a) Cohn, C., and Lidman, B. I J. Clin. Investigation 28:145, 1946. 
(b) DeMarsh, Q. B., and Alt, H. I Arch. Int. Med. 8@:257, 1947. (c) Gall, 
F \ Am. J. Clin. Path. 27:529, 1947. (d) Peterson, R. E J. Lab. 
& Clin. Med. 33:1258, 1948. (¢) Evans, A. S.: J. Clin. Investigation 27: 106, 1948. 
(f) Brown, J. W.; Sims, J. L.; White, E.. and Clifford, J. E.: Am. J. Med. 
6:321, 1949 

13. Kilham, L., and Steigman, A. J.: Lancet 2:452, 1942. Van Beek, S. L., and 
Haex, A. H. ¢ Acta med. Scandinav. 113:125, 1943. Bang, J., and Wanscher, 
O.: Ibid. 120:437,1945. Davis, J. S.; MacFee, W.; Wright, M., and Allyn, R.: 
Lancet 2:72, 1945. 
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Nevertheless, the hepatitis of infectious mononucleosis may be so severe 
that at times it virtually cannot be distinguished by present methods from 
infectious hepatitis, particularly in the absence of large numbers of 
atypical lymphocytes or of elevated heterophilic agglutinin titers.** 
Indeed, when sections of liver from the present case were submitted to 
members of the New England Pathological Society without any serologic 
data, it was the almost unanimous opinion that the sections were con- 
sistent with the diagnosis of infectious hepatitis. 

There are as yet insufficient follow-up data to permit ready assess- 
ment of the late complications of the hepatitis of infectious mono- 
nucleosis. Although most patients recovering from the disease will have 
normal results from hepatic function tests within two to six weeks 
after the onset of the infection,'** abnormal values are reported to have 
persisted for as long as 4% months and jaundice for as long as 11 
weeks."* 

Cohn and Lidman '* have mentioned one instance in which it was 
believed that chronic hepatitis was developing after an attack of infectious 
mononucleosis, but full follow-up details have not yet been reported. 
One of us has seen a case of proved infectious mononucleosis in which 
laboratory evidence of impaired hepatic function has persisted for three 
months. That postinfectious asthenia may persist for months after the 
acute stage of infectious mononucleosis is common clinical knowledge. 
Isaacs,’* from a group of 206 cases of infectious mononucleosis, collected 
53 in which there was persistence of asthenic symptoms and of atypical 
cells in the blood stream for from three months to several years after 
the acute illness. Unfortunately, no hepatic function tests were reported 
from this group of cases. 

It is apparent that despite the increasing frequency with which the 
diagnosis of infectious mononucleosis is being made, acceptable cases 
of frank chronic hepatitis as a sequel to infectious mononucleosis have 
not been reported. Although more definitive judgments must await 
complete follow-up studies of patients who have recovered from the 
disease, the conclusion seems warranted that despite the intensity of the 
anatomic and chemical changes the hepatic lesion in infectious mono- 
nucleosis is more benign than its counterpart in infectious hepatitis. One 
reason for such relative benignity may be that there is little tendency 
toward necrosis in the liver in infectious mononucleosis and therefore 
less likelihood of scar formation. 


The considerable variation in the appearance of lymph nodes in 
infectious mononucleosis has been well reviewed.'’ In our case, only 
the presence of large, atypical lymphocytes distinguishes the nodes from 
those of ordinary chronic inflammation. 

rhe splenic lesion is of interest in that rupture of the spleen has 
been reported with increasing frequency as a complication of infectious 
mononucleosis. Although some ruptures have occurred after such strains 


14. (a) King, R. B.: New England J. Med. 224:1058, 1941. (b) Jones and 
Minot.'°* 
15. Abrams, H. I New England J. Med. 238:295, 1948. DeMarsh and Alt.12> 
16. Isaacs, R Blood 3:858, 1948 
17. Gall, FE. A. and Stout, H. A Am. J. Path. 16:433, 1940. Custer and 
Wood and others.'!» 
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as those imposed by palpation of the spleen,* defecation ** or retching,’"” 
many seem to have occurred spontaneously and not uncommonly while 
the patient was lying in bed.” The ready susceptibility of the spleen to 
rupture appears to be related to the diffuse infiltration of the splenic 
capsule by adult and atypical lymphocytes. If, as is maintained by Smith 
and Custer * and by Timmes, Averill and Metcalf,*® the capsular changes 
which predispose to splenic rupture do not reach full severity until the 
third week of the disease, it is additional evidence that in the case herein 
reported there was a subclinical infection for at least that long a period 
before the fatal outcome. 
SUMMARY 


A fatal case of infectious mononucleosis is reported in which the 
patient had little clinical evidence of illness, but died suddenly at home. 
At autopsy she was found to have a rupture of the spleen, a severe and 
striking hepatitis, marked changes in the spleen and significant changes 
in the lymph nodes and the heart. The heterophilic agglutinin titer 
obtained for the abdominal blood was 1: 256. The anatomic findings are 
described in detail, with emphasis on the severity of the hepatic changes. 
In the review of the literature it is noted that despite the frequency and 
severity of hepatitis in patients showing infectious mononucleosis there 
are few instances of prolonged hepatitis and no acceptable instances of 
frank chronic hepatitis due to this infection. It is suggested that the 
rarity of severe late hepatic complications may be due to the absence 
of necrosis in the hepatic lesion of infectious mononucleosis. 


18. Vaughan, S. L.; Regan, S. J., and Terplan, K.: Blood 1:334, 1946. King.’* 

19. Darley, W.; Black, W. C.; Smith, C., and Good, F. A.: Am. J. M. Sc. 
208 : 381, 1944. Smith and Custer.* 

20. Timmes, J. J.; Averill, J. H., and Metcalf, J.: New England J. Med. 289: 
173, 1948. 








Notes and News 


Appointments and Retirements.—Warner F. Sheldon, assistant professor 
of pathology in the University of Pennsylvania School of Medicine, has been 
elected director of the Mount Desert Island Biological Laboratory, Salisbury Cove, 
Maine, succeeding J. Wendell Burger, associate professor of biology at Trinity 


College 


Dr. Timothy Leary, professor emeritus of pathology since 1929 at Tufts 
College Medical School, Boston, and for 42 years a medical examiner in Suffolk 


County, has retired 


Dr. Joseph F. A. McManus, formerly assistant professor of pathology at the 
Medical College of Alabama, Birmingham, has joined the faculty of the University 
of Virginia Department of Medicine, Charlottesville, as associate professor of 
pathology. Dr. McManus is a graduate of Queens University Faculty of Medicine, 
Kingston, Ontario, Canada (1938) 


Deaths.— According to Science (Sept. 22, 1950), James B. Murphy, of New 
York, cancer specialist, died August 24 in Bar Harbor, Maine, after a brief illness 
He was 66 years of age. Dr. Murphy retired as head of the Laboratory of Cancer 
Research of the Rockefeller Institute in July. He had been associated with the 


institute since 1910 


Books Received 


PissU NERVEUX ET PATHOLOGIE RENALE By Charles de Muylder, Agrége 


de Tenseignement supérieur, Université catholique de Louvain Paper bound. 
Pp. 148, with illustrations (3 colored) Price 600 francs Masson & Cie, 
120 Boulevard Saint-Germain, Paris 6*, 1950 

Tissue Cuctrure Tecunigut By Gladys Cameron, department of biology 
Washington Square College, New York University. Pp. 191, with 54 illustrations. 
Price, $4.20. Academic Press, Inc., 125 E. 23d St.. New York 10, 1950 

Che first edition of this book was published in 1935. It consisted of 134 pages 





and contained 26 illustrations 

Che present volume has been recast, enlarged and almost entirely rewritten 
All aspects of tissue culture technic from the planning of facilities to the actual 
performance of the various operations are described in the eighteen chapters. The 
chapter on micromanipulation of tissue cultures was written by Robert Chambers, 
as was the foreword As in the first edition, the chapter on photomicrography 
of tissue cultures was prepared by C. G. Grand 

All parts of this book are clearly and logically written and adequately illustrated 
The table of contents, the bibliography, the supplementary references and the 
be helpful to all workers in this field 


The book is recommended to any one who plans to engage in tissue culture 


index will 


work for the first time. Investigators who are already familiar with tissue culture 


methods also will wish to consult this revised manual 
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Tne Esopuacus anp PHaRYNX IN ACTION \ Stupy oF StTrRucTURE IN 
Retation to Function. By William Lerche, M.D., fellow, American College 
of Surgeons; founder member and honorary member of the American Association 


for Thoracic Surgery; formerly associate professor of surgery, University of 
». 222, with 93 figures. Price $5.50. Charles C 
Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill, 1950 


Minnesota, Minneapolis. fF 


Tue Urinary Function or tHe Kipney. By A. V. Wolf, Ph.D. associate 
Professor of Physiology, Albany Medical College, Union University. Pp. 363, 
with 49 figures and 25 tables. Price $7.50. Grune & Stratton, Inc. 381 4th 
Ave.. New York 16, New York, 1950 


ArLas or Tumor Parnotocy. Prepared at the Armed Forces Institute of 
Pathology under the auspices of the Subcommittee on Oncology of the Committee 
on Pathology of the National Research Council. Tumors or THe PrRipnerat 
Nervous System (Section I]—Fascicle 6) By Arthur Purdy Stout, M.D., 
professor of surgery, Columbia University, College of Physicians and Surgeons, 
New York. Pp. 57, with 56 illustrations. Price $60. For sale by the American 
Registry of Pathology, Armed Forces Institute of Pathology, Washington 25, D.C 
1949 


SIGNIFICANCE OF THE Bopy Fiums iy Curnicat Mepicine. By L. H. New- 
burgh, M.D., professor of clinical investigation, Univesrity of Michigan Medical 
School, Ann Arbor, Mich. Assisted by Alexander Leaf, M.D., instructor in 
internal medicine, University of Michigan Medical School, Ann Arbor, Mich. 
Pp. 76, with 16 figures and 6 tables. Price $2. Charles C Thomas, Publisher, 
301-327 E. Lawrence Ave., Springfield, Ill, 1950 


Tecunigves «nN British SuRGERY Edited by Rodney Maingot, F.R.C.S 
Pp. 473, with 473 illustrations. Price $15. W. B. Saunders Company, 218 W 
Washington Sq. Philadelphia 5 (7 Grape St., Shaftesbury Ave., London W.C. 2), 


1950 


ric AND RECONSTRUCTIVE SURGERY A MANUAL oF MANAGEMENT. By 
nith, M.D., consultant in plastic surgery, Blodgett Memorial Hospital, 
Rapids, Mich. Pp. 895, with 592 illustrations. Price $15. W. B. Saunders 
ny, 218 W. Washington Sq., Philadelphia 5 (7 Grape St., Shaftesbury Ave., 
W.C. 2) 1950 


EARCHES ON THE RapiorHERAPY oF Orat Cancer. By Constance A. P 
ul |. W. Boag (with P. Howard-Flanders, A. Gluecksmann, L. H. Gray 
». Spear) Medical Research Council Special Report Series No. 267 
wound. Pp. 148, with 74 figures and 32 tables. Price 12s. 6d. His Majesty's 
ry Office, York House, Kingsway, London W.C, 2, 1950 


xTROOK OF X-Ray DiaGnosis sy Bririse Autrnors tn Four Votumes 

S. Cochrane Shanks, M.D. F.R.C.P., F.F.R., director of the x-ray 

department, University College Hospital, London, and Peter Kerley, 

C.P., F.F.R., D.M.R.E., director of the x-ray department, Westminster 

i radiologist, Royal Chest Hospital, London. Second edition. Volume 

with 553 illustrations. W. B. Saunders Company, 218 W. Washington 
iladelphia 5 (7 Grape St., Shaftesbury Ave., London W.C. 2), 1950 
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Tue Patmorocy or Articutar anp Spinat Diseases. By Douglas H 
Collins, O.B.E., M.D., reader in clinical pathology in the University of Leeds, 
England ; formerly rheumatism research fellow in the University of Leeds; E.M.S. 
pathologist and medical superintendent, Wharncliffe Hospital, Sheffield, England ; 
junior lecturer and Holt fellow in pathology in the University of Liverpool, England. 
Pp. 331, with 199 illustrations. Price, $7. Williams & Wilkins Company, Mt. 
Royal & Guilford Aves., Baltimore 2, 1950 

This book of modest proportions is based on the author’s more than fifteen 
years’ experience in problems of arthritis and other skeletal disorders. 

Pathologic anatomy is stressed, but one finds a reasonable, well balanced 
discussion of etiologic and pathogenetic factors. The illustrations, numbering 199, 
are of good grade and nearly all are original and derived from the author's material. 
Gross photographs and photomicrographs are used in acceptable proportion to 
provide adequate illustration of the various diseases included, particularly disorders 
of the articulations 

The book is written with such directness that it may seem at first to be 
overly simplified. However, through good use of reference material and in 
adequate bibliography at the end of each chapter, the pathologic considerations 
of the diseases of the articulations and the spine are covered with reasonable detail. 

The book can be recommended to students of medicine and to physicians 
specializing in pathology, radiology and orthopedics. Also it will be serviceable 
to clinicians having particular interests in the problems of skeletal disease 


Tue Microscopic Diagnosis of HuMAN Macaria: I. A Snort Descriptive 
Arcas or Tuick-Fitm Dracnosis. By John W. Field. Illustrated by Yap Loy 
Fong. Pp. 117, with 67 illustrations. Price, $5. Studies from the Institute for 
Medical Research, Federation of Malaya, no. 23. H. T. Ross, government 
printer, Kuala Lumpur, 1949. 


Tue PatHocenesis AND PatHotocy or Virat Diseases. Edited by John 
G. Kidd. Symposium held at the New York Academy of Medicine, Dec. 14 
and 15, 1948. Symposium of the Section on Microbiology, New York Academy 
of Medicine, no. 3. Pp. 235, with numerous illustrations. Price $5. Columbia 
University Press, 2960 Broadway, New York 27, 1950. 

In addition to an introduction by the editor, this volume contains fourteen 


chapters, each of which represents a concise review of a method of study or an 


account of the findings in a particular viral disease. The various sections were 
written by recognized authorities. Ample bibliographies are included at the end 
of each chapter. These listings and the numerous illustrations of high quality 
enhance the value of the book for reference purposes. 


Tae Grounp Supstance oF THE MESENCHYME AND HyALvuronipase. By 
F. Duran-Reynals and fifty-one other authors Annals of the New York 
Academy of Sciences, vol. 52, art. 7, May 31, 1950. Pp. 264, with numerous 
illustrations. Price, $3. New York Academy of Sciences, c.o. American Museum 
of Natural History, Central Park West & 77th St., New York, 1950. 
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new booklet which 
details AMERICAN'S 
complete line of 
serums and 

serum accessories 
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AMERICAN HOSPITAL SUPPLY CORPORATION 


GENERAL OFFICES « EVANSTON, ILLINOIS 




















I EBERBACH 
BONE 


DECALCIFIER 


Prepares Bone Specimens 
For Histologic Section 


Bone decalcification can be accomplished 
in hours where older methods required 
a like number of days. This unit oper- 
ates by electrolysis, liberating the 
calcium ions from the bony matrix 
without damaging the soft tissue. Re- 
quest ao reprint of “Decalcification of 
Bone by Electrolysis,” by E. F. Ducey, 
M.D., and R. T. Shippy, M.T. (ASCP), 
American Journal of Clinical Pathology, 
Jan., 1950. 


Eberbach Bone Decalcifier includes: 
(1) a D. C. power unit with an ammeter 
to indicate output and a knob for regu- 
lating the output, and (2) decalcifying 
cell with special cover to hold electrodes 
and thermometer. Write for Bulletin 80-E. 


Ane... 


ANN ARBOR. MICH. 


























‘bd 
EDUCATION 
BOOKLETS 


A Series of Five Modern Booklets 


FOR YOUNG PEOPLE 


Written by Dr. Rice, physician, 
public health official, teacher and 
father. Frank, but not sensa- 
tional. Progressive viewpoints 
stressed, while fundamental 
principles are maintained. These 
pamphlets may first be read by 
parents, then given children 
according to age. Attractively 
printed. 


* THOSE FIRST SEX 
QUESTIONS 25¢ each. Complete 

For parents of little children. set of five in she 
Wholesome home life, char- cial filing case, 
acter training and accurate 1.00 7 
answers to first sex questions 3 fr eavy 
are fundamental. Paper covers 

* THE STORY OF LIFE Hinstrated 
For boys and girls, ten years 
of age, telling them how the 
young come to plants, ani- 
mais, ami human parents 

* IN TRAINING 

For boys of high schoo! age, 
interpreting their adolescent 
development in terms of ath- 
letic and cther achievements 

* HOW LIFE GOES ON 
For girls of high school age 
Their role as mothers of the 
men of tomorrow 
* THE AGE OF ROMANCE 
For young men and women, 
dealing with the problem as 
a unit for both sexes 


| AMERICAN MEDICAL ASSOCIATION 
| $35 NM. Dearborn Street + Chicage 10 





Standard rbtparatas 


for the 


KAHN TEST... 


Quiet, smooth 
agitation at op- 
timum speed. 


..- Simplifies Routine Testing 
SHAKER A» prescribed by Dr. Kahn, the Fisher Kahn Shaker agitates samples 


275 to 285 times per minute, but transfers a minimum of vibration to the table. A 
heavy flywheel insures the smoothness and efficiency of the operation. 


The rack cradle is made of aluminum and is provided with easy- 

to-operate clamps for locking the racks rigidly in place. Use of 

Fisher-Kahn rubber-coated racks assures noiseless operation 
Easy viewing Fisher-Kahn Shaker (for lto Gracks). . .. . . $130.00 
with split field Fisher-Kahn Shaker (for 1 to 3 racks) . $110.00 
iluminetion. Fisher-Kaho Racks, Each . $8 3.75 





VIEWER si By_ employing a new 
lighting principle, Fisher's improved 
Kahn Viewer favilitates evaluation of 
precipitates. Tubes are held on a di- 
vided viewing surface—one half dark, 
the other lighted indirectly. This Tyn- 
dall lighting effect makes it easy to 
+ perceive particles in the liquid. An in- 


tegral magnifier aids inspection. 
Fisher-Kahn Viewer . . . $18.00 
(for 115 volt A.C. or DC) 


FISHER SCIENTIFIC CO. % EIMER ano AMEND 


Pittsburg ¥ Y 


St. Louis M 








Twice every minute the TECHNICON Pipette 
Washer completes its syphon-cycle . . . seven surg- 
ing gallons of water to loosen ond dislodge 
clinging residues. Wastes are then literally swept 
out of the pipettes by the violent suction set up dur- 
ing the brisk ten-second emptying phase. 


Only the Technicon washer offers such rapidity and 
thoroughness, delivering in six cycles a full basket- 
load of immaculate pipettes (capacity 200 of 1 mi 
in 100th’s, up to 18° long). The stainless steel 





basket, proof against corrosive reagents, carries 
its load of pipettes undisturbed through every 
stage: cleansing, washing and drying. Requires no 
individual handling, no shifting from container to 
container, practically eliminates breakage and 
chippage. A must for the busy laboratory: let us 
send you Bulletin #6150 giving particulars. 


THE TECHNICON COMPANY 
215 E. 149 St., New York 51, N. Y. 


Ne fuss or muss .. . 
pipette washing con 


b hi ye 
© @s easy os this 5 fi 
— eee 


PIPETTE WASHER 





